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CONVERSATION I. 



OF THE NATURE OF AIR. 



FATHER — CHAKLES — EMMA. 

Father. That branch of natural 
philosophy which is called Prrcuma- 
tics, treats of the nature, weight, 
pressure, and spring of the air which 
we breathe, and of the several, effects 
dependent upon these properties. 

Charles. You told us, a few dayjs 
ago, that the air, though to us invi- 
sible, is a fluid ; but it surely differs 
very much from those fluids which., 
you conversed upon when treating 9IL 
hydrostatics. 

VOL. IV. B 



2 PNEUMATICS. 

Father. It does so : but recollect 
the terms by which we defined a 
fluid. 

Charks. You distinguished a fluid 
as a bodj^ the parts of which yield 
to the least pressure. 

Father. The air, in which we live 
and move, will answer to this defini- 
tion. Since we are continually im- 
mersed in it, as fish are in the water, 
if the parts did not yield to the least 
force, we should be constantly re- 
minded of its presence by the resist- 
llDce made to our bodies ; whereas^ 
petrous unaccustomed to think on 
these subjects are not even aware 
that they are surrounded with a fluid, 
the weight and pressure of which, if 
'not counterbalanced by some other 
power^ would instantly crush the 
teman frame. 

Emma. In a still, cahn day, such 
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as the present is, when ode can 
scarcely discern a single leaf in rao4 
tion, it is difficult to conceive of the 
existence of such a fluid ; but when 



-down at once, 



Precipitant, descends a mingled mass 
or roaring winds, and flames, and rusiung iioods« 

Thomson's Summek. 

no doubt can remain as to the eldsU 
cnce of some mighty unseen power. 

Charles. By this quotation, Emma, 
you take it for granted that the air 
and the winds are the same. ' 

Father. This is really the fact, as 
we shall prove on a future day. 

Charks. But I am not quite sa- 
tisfied that the air is such a body as 
you have described. 

Father. I do not wish to proceed 
a single step till I have made your 
mind easy upon this head, — ^Ycsa «.^' 
how easily those gold and. %\Nn« *^ 
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move in the water ; can you explain 
the wason of it ? 

Charles. Is it not by the exertion 
of their fins ? 

Father. A fish swims by the help 
of his fins and tail ; and fish in gene- 
ral are nearly of the same specific gra- 
vity with water. Take away the water 
from the vessel, and the fish would 
have still the use of their fins and taU, 
at least lor a short period. 

Emma. And they would flounder 
about the bottom. 

Father. Now consider the case of 
birds^ how they fly ; the swallow, for 
instance, glides as smoothly along 
in the air as fish do in the water; 
but if I were to put a bird, or even 
a butterfly, under a glass receiver, 
however large, and take away the 
air, they would have no more use of 
thdr wings, than fish have of their 
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flas When out of water. You shall 
066 the experiment in a day or two: 



—If this support' 

Were wanting, all the feather'd tribes must drop 

The useless wing. 

Dudosia; 

Emma. And would they die iif 
this situation, as fish die when taken, 
from their natural element, the wa-^ 
ter) 

Father. The cases are precisely 
similar: ^some fish, as the carp, the 
eel^ and almost all kinds of shell-fish, 
will live a considerable time out oi 
water; so some creatures, which de- 
pend upon air for existence, will live 
a long time in an exhausted receiver ; 
a butterfly, for instance, will fall to 
the bottom, apparently lifeless; but' 
admit the air again into the receiver^' 
and it will revive; whereas ex^tW 
ments have been made oti ta\Q^« x^kAti' 

b3 



6 PNEUMATICS. 

birds, rabbits, &c., and it is found, 
that they will live without air but a 
very few minutes. 

. 'Emma. These are very cruel ex- 
periments. 

Father. And ought by no means 
to be indulged in ; they can be only 
justified upon the presumption, that. 
In the hands and under the direction 
of able philosophers, they may lead 
to discoveries of importance to the 
health and happiness of the human race. 

Charles. Can fish live in water 
from which the air is wholly excluded ? 
. Father. The air is, in fact, as 
necessary to their existence as it is 
to ours. Besides their fins, fish have 
the use of an air-vessel, which gives 
them full command of their various 
motions in all depths of water, which 
their fins without it would not be 
e^ni to« 
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Emma. What do jou mean by an 
air-vessel ? 

Father. It is a small bladder of 
air^ so disposed within them, that, 
by the assistance of their muscles, 
they are able to contract and dilate it 
at pleasure. By contraction they 
become specifically heavier than the 
water, and sink ; by dilatation they 
are lighter, and rise to the surface 
more readily. 

Charles. Are these operations ef- 
fected by the external air ? 

Father. Very much so : for if you 
take away the air from the water in 
which^a fish is swimming, it will no 
longer have the power o^ contracting 
the air vessel within, which will then 
become so expanded as to keep it 
necessarily on the surface of th^ water, 
evidently to its great inconvenience 
^nd pain. /^S^5^0> 
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If the air-bladder of a fish be 
pricked or broken^ the fish presently 
sinks to the bottom, unable either to 
sup^vt or raise itself up again. Flat 
fishes^ as soles, plaise, &c. which always 
lie grovelling at the bottom, have no 
air-bladder. 



• ^-^ 
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CONVERSATION II. 



Of the Air-Pump. 

Emma. You have told us, papa» 
of taking away the air from vessels ; 
will you show us how that is per- 
formed? 

Father. I will ; and I believe it 
will be the most couviacing method 
of proving to you that the air is such 
a body as I have described. 

This instru- 
ment is called 
aa- air-pump, 
and its use 
to exhaust < 
draw away the " 
air from any 
vessel* as the glass recdvev i^ il. 
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Charles. Does it act like the 
common pump ? 

Father. So much so, that, if you 
comprehend the pasture and structure 
of the one, you will find but little 
difficulty in understanding the other. 
I willf Iiowevier, describe the different 
parts. A A are two strong brass bar* 
relS| within each of which, at the bot- 
tom, is fixed a valve, opening up- 
wards ; these valves communicate 
with a concealed pipe that leads to 
^. 7he barrels include also move- 
able pistons, with valves opening 
upwards.* 

Emma. How are they moved ? 

Father. To the upper parts of 
the pistons is attached rack*work, 
part of which you see ^t c c : thesie 

* The render is sapposed to have attended to 
the structure of the common pump, described 
Vol. m. Of Hjdnistnitks, CMfremtioii XXI. 



racks are moved up atid down hj 
means of a little cog-wheel^ turned 
round bj the handle it. 

Charles. You turn the handle but 
half'lvay round. 

Father. And by so doing, 'yoil 
perceive that one of the racks rise^ 
and the othei^ desceiids. 

Emma. What is the uise of the* 
Screw V ? 

Father. It serves to re-admit ait 
into the receiver when it is in a state 
6f exhaustion ; for without such d 
contrivance the receiver could neve^ 
be moved out of its place, after the 
air was once taken from beneath it i 
but yotl shall try for yourselves. I 
first place a slip of Wet leather tindef 
the edge of the receiver, because the 
brass plate is liable to be scratched, 
and the smallest unevenness bet^N^m 
the receiver and plate wotiVJi \ftCT«* 
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the success of our experiment — I have 
turned the handle but a few times ; 
try to take away the receiver. 

Charles. I cannot move it. 

Father. I dare say not : for now 
the- greater part of the air is taken 
from under the receiver, consequently 
it is pressed down with the weight of 
the atmosphere on the outside. 

Emma. Pray explain how the air 
was taken away. 

Father. By turning the winch R 
half way round, I raise one of the 
pistons, and thereby leave a vacuum 
in the lower part of the barrel, and a 
portion of the air in the receiver 
rushes through the pipe into the empty 
barrel. I then turned the winch the 
other way, which raised the other pis- 
ton, and a vacuum would be left in 
that barrel, did not another portion oi 
air rush from the receiver into it. 
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* Charles. When the first pistou 
descended, did the air in the barrel 
open the little valve, and escape by 
the rack c ? 

Father. It did ; and by the alter- 
nate, working of the pistons, so much 
of the air is taken away, that the 
quantity left has not force enough to 
raise the valve. 

Charles. Cannot you take all the 
air from the receiver ? 

Father. Not by means of the air- 
pump. 

Emma. What is the reason that a 
mist comes on the inside of the glass 
receiver while the air is exhausting? 

• Father. It is explained by the 
sudden expansion of the air that is 
kft in the receiver, which we shall 
notice more particularly in our Con- 
versations on Chemistry. The fact 
is described, as well as i\\!& ^i^u^i^^ 

TOX, IV. C 
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^^tioli of the ftif-pump^ bj t 

— How, as in brazen pumps the pistons move^ 
The membrane valve sustains the weight aboVi 
8tot>k« follows stroke^ the gelid vapour fklls. 
And mibtj dew-drops dinl the crystal walls; 
Bare and more rare expands the fluid thin. 
And silence dwells with vacancy within. 

Botanical Gardei 

The last line alludes to a fact h^ 
after to be explained,^ namelj^ th 
where there is no air, there, can bei 
sound. 

Charles* You have not told us tl 
use of the smaller receiver w^ with tl 
bottle of quicksilver within it. 

Father. By meads of the concei 
ed pipe there is a communication b 
tween this and the large receive 
and the whole is intended to show 
what degree, the air in the large r 

* See Coaversatioii X4 
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^ver is e:(lMtu3t^- ft is eflU^ (he 
small barometer-gQuge, the meams^ 
^f wl}ic}i you will better understSQ^ 
when the str4cturQ of the b^rometfes 
JB ej^l*iqed,-rl will now show you aa 
e^perim^nt or ^wo, by which the re* 
fistanc^ of the pir is dearly d^oih 
stratefL 



Are 
thew millf for 
the purpose ? 

Father, Ye^ 
they are; thema- 
«hin« copsiBts of 
two sets of vanes, 
« and k, iqade 
equally, and to 
move on their axes with the samtf 
freedom. 

Charkt. But the vanes of a mr0 
placed breadthways, and those of k 

we edgewBTs. 

c % 
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Father They are so placed to 
exhibit in a striking manner the re-* 
sistance of the atmosphere; for as 
tfie little mill b turns, it is resisted 
only in a small degree, and will go 
round a much longer time than the 
Other, which^ in its revolutions, tneets 
the air with its whole surface. By 
means of the spring c resting against 
the slider d in each mill, the vanes 
are 'kept fixed. 

Emma. Shall I push down the 
sliders? 

Father. Do so : vou see that both 
set oflf with equal velocities. 

Charles. The mill a is evidently 
declining in swiftness, while the other 
goes on as quick as ever. 

Father. Not quite so; for in a 
few minutes you will find them both 
at rest. 

Now we will place them under 
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the receiver of the ah'-pump, and by 
a lit^tle contrivance we shall ^ able 
to s^t the mills in motion after the 
air is exhausted from the receivers 
and then^ as there is no sensible re- 
^taqce against theoif they will both 
move round a considerable time longer 
than they did in the open air, and tbt 
instant that one stops the other will 
3tpp aUo* 

Emma* This experiment clearly 
shows the resisting power of the air. 

Father^ It shows also that its re* 
distance is in proportion to the surface 
opposed to it : for the vane which 
met and divided the air by the edge 
only continued to move the longest^ 
while they were both exposed to it ; 
but when that is removed, they both 
stop together, because there is no^ 
thing now to retard their motion, but 
the Motion pn the pivots^ ^\At^Ss 

c 3 
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the same in both cases. Take this 
shilliDg and a feather : let them both 
drop- from your hand at the same 
instant. 

Charles. The shilling is soon at 
rest at my feet, but the feather conti« 
Hues floating about. Is the feather 
spedfically lighter than air ? 

Father. No : for if it were, it 
would. ascend till it found the air no 
heavier than itself; whereas, in a 
minute or two, you will see the feather 
on the floor as well as the shilling : it 
is however so light, and presents so 
large a surface to the air, in compa- 
rison to its weight, that it is consi- 
derably longer in falling to the ground 
than heavier bodies, such as a shilling 
or a guinea. Take away the resisting 
medium, and they will both reach the 
bottom at once. 

Emnia. How will you do that ? 
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Father. Upon this 
brass Sap I place the 
shilling and the feather, 
and having tumed up 
the flap, aud shut it into 
a email notch, Z fix the 
whole on a small receiver, 
with a piece of wet lea-, 
ther . between the re- 
ceiver and brass. I will 
now exhaust the air from 
under the receiver, by placing it over^ 
the air-pump, and, if I turn the wire, 
/ a little, the flap will £lip down, and 
the shilling and feather will fall with, 
equal velocities : — . 

In pwfect foid, ' 

' Alliubstances nlth like velocity I 

Descwd, Dor tho suft down outBtrips the gold. 

EUD0SJ4. 

Ckarks. They are both, at the 
bottom* but I did not see Uvatn. %ti\> 
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Father. WhUe I repeat the 
periaiepty you must look ateadf 
to the bottom^ because the moti 
too rapid and the distance too i 
for you to trace their motion ; bu 
keeping your eye at the bottom, 
will see the feather and shilling ai 
at the same instant. 

In this glass tube is some water, 
hut the air is taken away, and 
the glass completely closed. Turn 
it up quick, so that the water 
may fall on the other end. 

Emma. It makes a noise like 
stroke of a hammen - 

Father. And Tor that reason i 
usually called the philosophical h 
men The noise is occasioned thro 
the want of air to break the fall s 
if I take another glass, in all resp 
like it, but having the air encic 
in it» «s well as water, you may ' 
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it as often as you please with hardly 
any noise. 

Charles* Perhaps the air breaks 
the fall of the water by dividing its 
particles. 

.Father, It acts, with respect to 
vfater, as water acts with regard to 
the fall of any other substance thrown 
into it : it impedes the velocity of the 
Tailing body. 
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CONVERSATION IIL 



Of the Torricellian Ej^periment. 

Charles. If, by means of the air- 
pump, you cannot perfectly exhaust 
the air from any vessel, by what means 
is it done ? 

Father. This glass tube is about 
S6 inches long, and open at one end 
only. I fill it very accurately with 
quicksilver, and placing my thumb 
over the open end, I invert the tube, 
and plunge it into a vessel of the 
same metal, taking care not to re- 
move my thumb till the end of the 
tube is completely immersed in quick- 
silver. You observe the mercury is 
suspended in the tube to a certain 
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hbighU and above it there is a jtdrfect 
Tacuum ; that is^ in the six or seven 
inch^ at the upper part of the tube, 
the air is perfectly excluded. 

Emma. Could not the air get ia 
trhen jou took away your thumb ? 

Father. You saw that I did not 
reinove my thumb till the open end of 
the tube was wholly under the quick> 
silver, therefore no air cduld get into 
the tube without first descending 
through the quicksilver : now you 
know that a lighter fluid will not 
descend through one that is heavier, 
and, consequently, it is impossible that 
«ny dir should be in the upper part 
of the tube^ if the quicksilver wer6 
carefully purified beforehand. 

Charles. What makes the quicks 
silver stand at that particular height ? 

Father. Before I answer thisi tell 
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me the reason why water candc 
jraised by means of a common p 
higher than about S2 or 33 feet? 

Charles. Because the pressu: 
the atmosphere is equal to the 
sure of a column of water so i 
feet in height.* 

. Father. Arid the pressure 
column of quicksilver 29 or 30 ii 
long, a little more or less accoi 
to the variation of the air, is eqi 
the pressure of a column of wat< 
or S3 feet high, and consequ 
.equal to the pressure of the \ 
height of the atmosphere. 

Emma. Is then the mercury ii 
tube kept suspended by the w 
of the air pressing on that in 
cup? 

Father. It is. 

* See Vol. IIL ConTeraation XXL 
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. Emma. If you could take away the 
air from the cup, would the quick- 
silver descend in the tube ? 

Father. If I had a receiver long 
enough to enclose the cup and tube, 
and were to place them on the air- 
pump, you would see the effect that a 
single turn of the handle would have 
on the mercury ; and, after a very 
few turns, the quicksilver in the tube 
would be nearly on a level with that 
in the cup. 

I can show you, by means of this 
syringe, that the suspension of the 
quicksilver in the tube is owing to 
nothing but the pressure of the air. 

Charles. What is the structure of 
the syringe ? 

Father. If you understand in what 
manner a common water-squirt acts, 
you will be at no loss about the syringe^ 
which is made like it. 

VOL, m D 
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Charles. By dipping the 
of B, squirt in water, and ] 
the handle, a Tacuum is n 
then thfe pressure of the n 
surface of the water forces i 
squirt. 

Father. That is the pro] 
natiofi. — This vessel D, 
containing some quick- 
siiveri and the small tube 
gfSS inches long, open 
at both ends, immersed in 
it, are placed under a 
large receiver a b, the 
brass plate c, put upon it 
with a piece of wet lea- 
ther, admits the small . 
tube to pass through it at 
h. I will now screw the 
on the tube gf, and, by 
the handle h a partial i 
made in the tube; conseqi 



presrtuie ef the air in the receiver upon 
the mercury in the cup D fbroes it up( 
kite the little tube as high as .v^ just in 
the game manner as water follows the 
piston in a common pump. 

Emma. But is not this rise of the 
quictcsilver in the tube owing to the 
suction of the syringe ? 

Father. To prove to yon that it is 
not, I place the Whole apparatus oveif 
the air-pump^ and exhaust the air ouf 
of the receiver a b. This operation, 
you must be sensible, has not the 
smallest effect on the air in the syringe 
and Uttle tube ; but you nevertheless 
obsemie, that the mercury has again 
fallen into the cup D; and the syringe 
might now be worked for ever with 
out raising the mercury in the tube ; 
but admit the air into the receiver, 
and its action upon the surface of the 

D 2 
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quicksilver in the cup will force it ii 
stantly into the tube* 

This is called the Torricellian e: 
periment, in honour of Torricelli^ 
learned Italian^ and disciple of Galile 
who invented it^ and who was tl 
first person that discovered the pre 
sure and weight of the air. 

Charles. Was not the trup natu 
of the atmosphere understood befo 
the time of Torricelli I 

Fdther. No : he was the father 
all the modem discoveries respectii 
the properties of the atmospheric ai 
He died at the age of 40^ when gre 
hopes were formed of his talents ai 
genius* 
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CONVERSATION IV. 



Of the Pressure of the Air. 

Charles. It seems very surprii^ 
i»g that the air, which is invisible^ 
should produce sydi effects «8 you 
hfive described. 

Father. If you are not satisfied 
with the evidence which your eyes 
are (capable of affwding, you would 
perhaps have no objection to the in* 
formaiion which your feelings may 
convey to your mind« Place this lit* 
tie glass A B, open at both 
ends, over the hole of the 
pump plate, and lay your 
hand close upon the t(^ B, 
while I turn the handle of the pump 
a few times. 

D 3 




30 th£ pressure of the air. 

Charles. It hurts me very m' 
I cannot take my hand away. 

Father. By letting in the a 
have released>grou. The pain 
occasioned by the pressure of th 
on the outside of your hand, that b 
taken away from under it, w 
served to counterbalance its weigl 

This is a larger glass of h 
the same kind ; over the 
large end, I tie a piece of wet 
bladder very tight, and will 
place it on the pump, and tak< 
air from under it. 

Emma. Is it the weight of air 
bends the bladder so much ? 

Father. Certainly : and if I 
the handle a few more times it 
burst* 

Charles. It has made a repo 
loud as a gun. 

Father. A piece of thin flat 
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may be broken in the same manner. 
Here is a glass bubble a, 
with a long neck; which 
I put into a cup of water 
B, and place them under a 
receiver on the plate of the 
air-pump, and, by turning ^e handle^ 
the air is not only taken from the re-* 
ceiver, but that in the hollow glass ball 
will make its way through the water 
and escape* 

Emma. Is it the air which occa« 
sions the bubbles at the surface of the 
water? 

Father. It is. Now the bubbling 
i^ stopped, and therefore I know that 
as much of the air is taken away as 
can be got out by means of the pump« 
The hollow ball is still empty : but by 
turning the cock v of the pump 
(Fig. p. 9), the air rushes into the 
receiver and presses upon the ^%\.« v 
thereby filliiig it\e balWVC\v >^^^vkv^« 
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. Charles. It is not quite fuIU 

Father. That is because the air 
could ndt be perfectly exhaurted» and 
the Uttle bubble of air at the top it 
what, in its expanded state, filled the 
whole glass ball, and now, by the 
pressure of the external air, it is re* 
duced into the size you see it. 

Another very simple experiment 
will convince you that suction has 
nothing to do with these experiments. 
On the leather of the air-pump, at a 
little distance from the hole, I place 
lightly this sm^U receiver s, 
and pour a spoonful or two 
of water round the edge of 
it. I now cover it with a 
larger receiver a b, and exhaust the 
air. 

Emma. I see by the bubbles round 
the edge of the small receiver that the 
qir 18 making its way from under it. 

Father. I have pretty well cb 
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hausted all the air; can you move the 
large receiver? 

Charles. No ; but by shaking the 
pump I see the little one is loose. 

Father. The large one is rendered 
immoveable by the pressure of the 
external air. But the m being taken 
from the inside of both glasses, there 
Is nothing to fasten down the smaller 
receiver. * 

Emma. But, if suction had any 
thing to do with this business, the \\U 
tie receiver would be fast, as well as 
the other* 

Father. Turn the cock v of the 
air-pump quickly. You hear the air 
rushing in with violence* 

Charles. And the large receiver is 
loosened again. *• 

Father. Take away the smaller 
one, Emma. 

Emma. I cannot mov^ \\, vnfiSot 
Idl 01/ strengths 
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Father. Nor could you lift it up M 
you were a hundred times strppgw 
than you are. For by adipitting the 
air very speedily into the large receiver 
It pressed down the little one before 
uny air could get underneath it. 

Charles. Besides, I imagine you 
put the water round the edge of the 
glass to prevent the air from rushing 
between it and the leather. 

Father. You are right; for air, 
being the lighter fluid, could not de^ 
aoend through the layer of water in 
order to ascend into the receiver.-— t 
Coiuld suction produce the effect in 
this experiment ? 

Charles. I think not ; because the 
little receiver was not fixed till after 
what might be thought suction had 
ceased to act. 

Father. Right : and to impress 
this fact stroqgly on your miiid» I will 
repeat the experiments You obserf* 
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that the air being taken from under 
both receivers^ the large one must be 
fixed by -the pressure of the atmos- 
phere, and the smaller one is loose, 
because there is no pressure on its 
outside to fasten it. But by admit- 
ting the air, the inner one becomes 
fixed by the very means that the outer 
one is loosened. 

Emma. Hew will you get the 
small one away ? 

Father. As I tannot raise il^ I 
must slide it over the hole in the brass 
plate : and now the ^ir gets under it^ 
there is not the smallest difficulty. 

Charles. Would it be possible to 
raise the small glass ? 

Father. If the experiment be well 
executed, it could scarcely be lifted 
up by the stretigth of any person. But 
by itttirodiicing tihe tiur under it, all 
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CONVERSATION V. 



■ I 

Of the Pressure of the Ab\ 

Charles. Although suction has 
nothing to do in the experimentis 
which you made yesterday, yet I 
think I can shew you an instance in 
which it has. This experiment, if 
such it may be called, I have made 
a hundred times. I fasten a string 
in the centre of a round piece of 
leather, and, having thoroughly soaked 
it in water, I press it on a 'flat stone, 
and by pulling at the string the leather 
draws up the stone, although it be 
not more than two or three inches in 
diameter, and the stone weights se- 
veral pounds. Surely this is suction. 



•t 
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Father, I should say so too^ if I 
could not account for it by the pres- 
sure of the atmosphere. By pressing 
the wet leather on the stone you dis- 
place the air^ then by pulling the 
string a vacuum is left at the centre^ 
and the pressure of the air about the 
edges of the leather is so great^ that 
it requires a greater power than the 
gravity of the stone to separate them* 

I have seen you drink water frooi 
a spring by means of a hollow straw, 

Emma. Yes, that is another in- 
stance of what we have been accus* 
tomed to call suction. 

Father. But now you know, that 
in this operation you make a syringe 
with the straw and your lips, and by 
drawing in your breath you cause a 
vacuum in the hollow straw tube» 
and the pressure of the air on ihi^ 

VOL. IV, E 
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water in the t^ng forces it up thrpu| 
ttie straw iato the mouth. 

Charles. I cannot, however, he 
thinking that this looks like suctioi 
for the moment I cease the drawin 
in my breath, the water ceases to rii 
in my mouth. 

Father. That is, when there is b 
hmger a vacuum in the straw, th 
pressure within is just equal to tha 
without, and conseqaently the wate 
will rest at its natural level. 

I win show you another strikini 
instance of the effects of the air^< 
pressure. This in- 
strument is called 
the transferrer. b|| 
Hie screw c fits aa 
to the plate of the 
&ir-pump, and by 
xneans of the stop- 
cocks o and H> f 
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can take away the air from both, or 
either, of the recdversi, i K, at plea- 
sure. 

Emma. Is there a channel then 
running from c through bab> and 
thence passing to the receivers. 

Father. There is. I will screv 
the whole on the air-pump, and turn* 
the cock 6^ so that there is now noh 
communication from c to the internal' 
part of the receiver i. At present 
jrou observe that both the receivenii 
are perfectly free. By turning the 
handle of the pump a few times, the 
air is taken away from the receiver K, 
and, to prevent its re«entrance, I turn 
the stop-cock d. Try if you can move 
it. 

Charles. I cannot : but the other 
is loose. 

Father. The pressure of the at- 
mosphere is evidently the same an ib!^ 
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two xeceivers ; but with regard to the 
glass I9 the pressure within is equal 
to that without^ and the glass is free: 
in the other, the pressure from within 
is taken away, and the glass is fixed. 
In this state of the experiment you 
are satisfied that there is a vacuum in 
the receiver K. By turning the cock 
6, I open a communication between 
the two receivers, and you hear the 
aiir that was in i rush through the 
channel a b into K. Now try to move 
the glasses^ 

Emma. They are both fixed: how 
is this ? 

Father. The air that was enclosed 
in the glass i is equally diffused be- 
tween the two, consequently the in- 
ternal pressure of neither is equal to 
the external, and therefore they are 
both fixed by the excess of the exter- 
nal pressure over the internal. In this 
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case it could not be suction that fixed 
the glass I, for it was free long after 
what might have been thought auction 
had ceased to act. 

Charles. What are these 
brass cups ? 

Father. They are called 
the hemispherical cups ; I 
will bring the two, B a, to- 
gether, with' wet leather be- 
tween them, and then screw 
them by D to the plate of the air- 
pump : and/ having exhausted the air 
from the inside, I turn the stop-cock 
£, take them from the pump, and screw 

on the handle F. See if you two can 
separate them. 

Emma. We cannot stir them* 
Father. If the diameter of these 
cups were four inches, the pressure 
to be overcome would be equal to 
1801b. I will now hang them. \x^ \sx 

K 3 
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the receiver and exhaust 
the .air out of it, and you 
flkee^ they separate without 
the application of any force. 

Charles* Now there is 
no pressure on the outside, 
and therefore the lower cup falls ( 
by its own gravity. 

Father. With 
this steel-yard you 
may try very ac- 
curately to what 
.weight the pres- 
sure of the atmo- 
sphere against the 
cups is equal* 

Emma. For when the weight 
is carried far enough to overcome t 
pressure of the cups, it lifts up the t 
one. 

• The principle of the steel-yard is explaii 
Vol. I. Of Mechanics, Conver, XV. 




THE HEMISPHERICAL CUPS. 



43 




, Father. I 'have ex- 
hausted the air of this re- 
ceiver H, consequently it 
is fixed down to the brass 
plate i; to the plate is 
joijned a small tube with a 
stop-cock 3C\ by placing 
the lower end of the tube in 
a bason of water, and turn- 
ing the cocky the pressure of the at- 
mosphere on the water in the bason 

forces it through the tube in the form 

of a fountain. This is called the 

fountain in vacuo. 
To this little square 

bottle A is cemented a 

screw valve, by which 
.. I can fix it on the plate 

of the air -pump^ and 

exhaust its air ; and you will see, that 

when there is no power within to sup- 
" port the pressure of the atmosphere 
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from without, it will be brokei 
a thousand pieces. 

Charles. Why did you not 
round phial ? 

Father. Because one of that 
would have sustained the pressur 
an arch. 

Emma. Is that the reason wh 
glass receivers are able to bear si 
weight without breaking ? 

Father. It is. If mercury be p 
into a wooden cup c^ made of v 
or ash, or a stem of thorn, 
and the air taken from under 
it, the mercury will, by the 
wdght of the external air, be 
forced through the pores of the 
wood, and descend like a sho^ 
rain. This is a very interestin] 
heaiitiful experiment; proving 
factorily the great pressure of tl 
mosphere. 
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CONVERSATION VI. 



Of the Weight of Air. 

Emma. We have seen the sur^ 
prising effects of the w's pressure; 
are there any means of obtaining the 
exact weight of air ? 

Father. If you do not require any 
very great nicety, the method is very 
simple. ' 

This Florence flask 
is fitted up with a 
screw, and a fine oiled 
silk valve at D. I will 
now screw the flask 
on the plate of the air-pump, and 
exhaust the air. You see, in its 
present exhausted state, it weighs 3 
ounces and 5 grains. 

Charles. . Cannot the air get 
through the silk ? 
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Father. The silk, being varnished 
with a kind of oily substance^ is im« 
penetrable to air : and being exhaust- 
ed, the pressure Upon the outside ef- 
fectually prevents the entrance of the 
air by the edges of the silk ; but if I 
lift it up by means of this sewing- 
needle, you will hear the air rush in. 

Emma. Is that hissing noise occa- 
sioned by tie re-entrance of the air? 

Father. It is; and when that 
ceases, you may be sure the air within 
the bottle is of the same density as 
that without. 

Charles. If I weigh it again, the 
difference between the weight now, 
and when you tried it before, is the 
wdght of the quantity of air contained 
in the bottle: it weighs very accu- 
rately 8 ounces 194- grains, conse- 
quently the air weighs I44. grains/ 

Father. And the flask holds a 
^ quart, wine-me^ure« 



Mmfna^ Does a quart of air always 
weigh 14-^- grains? 

Father. The weight of the air 
IS perpetually changing; therefore, 
though a quart of its weighs to-day 
144. grains, the same quantity may, in 
a few hours weigh 14^ grains^ or p^> 
haps only 14 grainy, or more or kss* 
The air is much heavier this morning 
than it was at the same time yester- 
day. 

Charles. How do you ktiow that { 
did you Weigh some yesterday ? 

Father. No: but the rising and 
faUing of the quicksilver in the baro* 
meter, an instrument which I shall 
hereafter very particularly describe, 
are sure guides by which the real 
weight of the air is estimated : and 
it stands fuU three-tenths of an inch 
higher now than it did yesterday. 

£mmiiL Will ywi explaifi Imc w« 
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may judge of the different weights o 
the air by the barometer? 
• Father. This subject might, per-- 
haps, be better discussed when we 
come to treat explicitly on that in- 
strument; but I wiU now answer 
your inquiry, although I should be 
in some danger of a repetition on a 
future day. 

The mercury in a well-made baro- 
meter will always subside till the 
weight of the column be exactly 
equivalent to the weight of the ex- 
ternal air upon the surface of the 
mercury in the bason, consequently 
the height of the mercury is a sure 
criterion by which that weight is to 
be estimated.— Suppose, for example, 
the barometer stands at S9-^ inches, 
or, as it is usually expressed, at 99*^f 
and I find a quart of air at that time 
weighs 14ht grains. Here tlmi is a 
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Standard by which I may ever after 
compare the gravity of the atmos- 
phere. If to-tnorrow I find the quick- 
silver has fallen to SQ.S^ I shall know 
the air is not so heavy as it was; 
because, in this case, a column (£ 
quicksilver 29.3 inches balances the 
whole weight; whereas it required 
before, a column equal to 29*5. IP, 
on the contrary, when I look again, 
the mercury^ has risen to 30.6, I am 
sure the atmosphere is considerably 
heavier than it was before, and that a 
quart of it will weigh much more thaii 
14^. grains. 

Cha7*les* You intimated, that in 
weighing the air, the flask could not 
be depended upon, if great nicety, 
were requu*ed ; what is the reason of 
that ? * t 

Father. I told you, when explain* 
kig the operations of the air-puin^' 

YOU IV, F 
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tlyit it was impossible to obtaui^ bf 
UMaiit of that instrumeDt, a perfect 
vaciHitEu The want of acoiracj in 
the flask experiment depenxte <m the 
small quantity of air that is left in the 
iressel after the exhaustion is carried 
u far as it will go: this, however, if 
the pump be good, will, after IS 
turns of the handle, be less th«i the 
AOOOtii part of the whole quantitTk 

Emm0. How do you know this ? 

Father. You seem unwiiSng^ to 
talfie any thing upon my word ? and 
in subjects of this kind you do right 
never to rest satisfied without a rea« 
son for what is asserted. 

I suppose, tiien, each of the bandbr 
of the air-pump is equal in capacity 
to the flask ; that is^ each wiU oon*' 
tain a quart ; then it is evident, that 
by twfting^ the handle of the pmnp, 

I «gamm idl tke afar #r we fmaif 
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mA th^ ajr io the flask becomes at 
the same time equally diffused be* 
iJMcn the iMurel and flask ; that is, 
ilie tfuart is n^w divided into tivt) 
4sqpt8i pMts, one of which is in the flask 
Md the other in the barrel. Bj the 
•anie reason, at the next turn of the 
handle, the pint in the flask will be 
reduced to half a pint ; and so it will 
go on decreasifig^, hj ti&ing away at 
«7ery turn, one half of the quantity 
tiiat was left in by the last turn. 

Charles. Do you mean then, (hat 
tiftibr the first turn of the handle, the 
air in the bottle is twice as rare as it 
was at first ; and after the second, 
third, and fourth turns, it is four 
times, eight times, and sixteen times 
as rare as it was when you began ? 

Father. That is what I meant; 
carry on your multiplication, and ycm 
irill find that after the twelfth t^tti^^ 

P % 
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ia 4096 times more rare than it was 
at first. 

* Emma. I now understand that, 
Jthough absolute exactness be not at- 
tainable, yet, in weighing this quart 
of air, the error is only equal to the 
.4Q96th part of the whole, whidi 
Xjuantity may, in reasoning on the 
fiubject^ be overlooked. 

Father. I will exhaust the flask 
again of its air, and, putting the neck 
of it under water, I will lift up the 
silk valve and fill it with water. Now 
jdry the outside very thoroughly and 
weigh it. 

Charles. It weighs 2-7 ounces. 

Father. Subtract the ,wejght of 
the flask, and reduce the remainder 
into grains, and divide by 144-, and 
you will obtain the specific gravity of 
water compared with that of air. 

Charles. I have done it, and the 
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water h something more than SCO 
times heavier than air. 

Father Since, then, the specific 
"gravity of water is always put at 1, 
that of air must be as vWth, at least 
tiocording to this calculation ; but fol- 
lowing the more accurate experiments 
ttf Mr. Cavendish and others, whose 
anthority may be safely appealed to, 
the specific gravity of air at the earth^s 
surface (a limitation which you will 
ere long understand) is 800 times less 
than that of water, when the baro* 
meter stands as high as 30 inches. 

Can you tell me what the air in 
this room weighs ? the length of the 
room is 25 feet, the height 104-» and 
the width 124:? 

Emma. I multiply these three 
numbers together, and the answer is 
3281.25; or the room contains a little 
more than 3281%ibic feet: uo^ ^ 
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cubic foot of water weighs 1( 
ounces, therefore the weight of 
roomful of water would be 3,281, ( 
ounces; but air being 800 tii 
lighter than water, the air in the re 
will weigh 3,281,000 -^ 800 = 4 
oz. = 256 lb. 5 oz. It seems, h 
ever, surprising that the air, wl 
is invisible, should weigh so mu 
though I cannot doubt the fact a 
this computation, founded as it is, 
careful experiments. 
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CONVERSATION YU. 



Of the Elasticity of Air. 

Father. I have told you that air 
is an elastic fluid. Now it is the 
nature of all elastic bodies to yield 
to pressureji and to endeavour to re- 
gain their former figure as soon as 
the pressure is taken off. In pro- 
jecting an arrow from your bow, you 
exert your strength to bring the two 
ends of the bow near together, but 
the moment you let go the string, it 
recovers its former shape : the power 
by which this is effected is called 
elasticity. 

Emma. Is it not by this power 
that india-rubber, after it ha3 been 
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stretched, recovers its usual size 
form? 

Father. It is : and almost e 
thing that you make use of poss< 
this property in a greater or less 
gree : balls^ marbles, the chore 
musical instruments are all elastii 
a certain extent. 

Charles. I understand ho? 
these things are elastic : but do 
see in what manner you can prov< 
elasticity of the air.* 

Father. Here is a bladder, ^ 
we will fill with air, and tie uj 
mouth to prevent its escaping 8] 
If you now press upon it with 
hand, its figure will be changed ; 
the moment the pressure is remov 
recovers its round shape. 

Emma. And if I throw it oi 

'^ S^ Vol. i. Of Mecbanics, Conver. XI 
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ground, or against, any other obstacle, 
it rebounds like a ball or marble. 

Father. You are satisfied also, I 
presume, that it is the air which is 
the cause of it, and not the bladder 
that contains it. 

Let us now have recourse to the 
air-pump to exhibit some of the more 
striking effects of the air's elasticity. 
J will let a part of the air out of the 
gladder, and tie up its mouth again. 
The pressure of the external air ren- 
ders its flaccid, and you may make 
what impression you please upon it, 
yrithout its endeavouring to re-assume 
its former figure. 

jEmma. What proof is there that 
this is owing to the external pressure 
of the air ? 

Father. Such as will satisfy you 
both, I am sure. Place it under the 
receiver of the air-pump, exhaust the 
air, and see the consec^ewc^^^ 
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Charks. It begins to swell mit: 
and now it is as large as when it 
Uown out full of air. 

Father. The outward pressure 
being in part removed, the particles 
of air, by their elasticity, distend^ 
and fill up the bladder; and if it 
were much larger, and the exhaus^' 
tion were carried farther, the same 
small quantity of air would fill it 
completely. I will now let the air id 
again. 

Emma. This exhibits a Tciy strik- 
ing proof of the power and jn^essure 
of the external air, for the bladder is 
as flaccid as it was before. 

Father. I put the same bladder 
into this square box without any 
alteration, and place upon it a move- 
able lid, upon which I put this 
weight. By bringing the whole un* 
der a receiver, and exhausting the 
^lexternal air, the elasticity of that in 
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tbe bladder will lift up the lid and 
weight together. 

Charles. If you pump much more» 
the weight will fall against the side of 
the glass. 

Father. I do not mean to risk 
that : — it is enough that you see a few 
grains, not half a dozen^ of air will, 
by their elasticity, raise and sustain a 
weight of several pounds. 

Take this glass bubble (represented 
in the diagram at p. 30) : the bore 
of the tube is too smaU for the water 
to run out ; but if I place it under the 
receiver of the air-pump, and take 
away the external air, the little quan- 
tity of air, which is at the top of the 
glass, will by its elastic force, expand 
itself, and drive out all the water. 

Emma. This experiment shows 
that a very small quantity of air is 
capaUe i^f filUing a i«rge w^9$ pi^^ 
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vided the external pressure is tal 
off. 

Father. Certainly : I will take 
the bladder from this glass. The 
tie images all swim at the top» 
air contained in them rendering th 
rather lighter than the water. Tie li 
leaden weights to their feetj» and tl 
are then pulled down to the bott 
of the vessel. I now place the gl 
under the receiver of the air-pui 
and, hj exhausting the air from 
vessel, that which is within the ima| 
by its elasticity, expands itself, fbi 
out more water, and you see they 
ascending to the top, dra^ng 
weights after them. I will let in 
air, and the pressure forces the W8 
into the images again, and they 
Bcend. 

Here is an apple very much si 
velledj whicfay when placed undc^' 
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receiver, and the external air be taken 
away, will appear as plump as if it 
were newly gathered from the tree. ^ 

Emma. Indeed it now looks so 
inviting, that I am ready to wish it 
was my own. ^ 

Father. Before, however, you can 
get it, all its beauty will^fade. t will 
admit the air again. 

Charles. It is as shrivelled as ever. 
Do apples contain air? 

Father. Yes, a great deal ; and 
so, in fact, do almost all bodies that 
are specifically lighter than water, as 
well'as many that are not so. It wa^ 
the elastic powfer of the air within the 
apple that forced out all the shrivelled 
parts when the external pressure was 
taken away. ^ 

Here is a small glass of warm iale, 
from which I am going to take away 
the ain^ •-: - . . . * 

VOL. IV. a 



68 PK9VIIATIC«» 

Emma. It seems to boil, now 
you exhaust the air from the ire* 
oeiver. 

Fathisr. The bubbliog is caused 
by the air endeavouring to escape 
from the liquor. Let the air in agaioi 
and then taste the beer. 

Charley. It is flat and dead. 

Father. You see of what import- 
ance air is to give to all our liquors 
their pleasant and brisk flavour, fbr 
the same will happen to wine and all 
other fermented fluids. 

Emma. How is it that the air, 
when it was readmitted, did not pe- 
netrate the ale again ? 

Father. It could not insinuate 
itself into the pores of the beer, be- 
cause it is the Hghter body, and 
therefwe will not descend through 
IOmi httm&p^ Beaideik it does not foir 
low that it if tiie iaoie sort 4if «ir 
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which I admitted idto the receiver, 
that was taken from the ale. 

Emma. Are there more kinds of 
air than one ? 

Father. Yes, very many; as I 
shall show you in our Conversations 
on Chemistry.* That which I took 
from the beer, and which gives it the 
brisk and lively taste, is called fixed 
air, or carbonic acid gas, of which 
there is, in general, but a yery small 
quantity in the atmosphere. 

The elasticity, or spring of air, con- 
tained in our flesh, was clearly shown 
by the experiment, when 1 pumped 
the air from under your hand. 

Charles. Was that the cause of its 
swelling downward ? 

Father. It was: and it will ac- 
count for the pain you felt, which was 
greater than, and of a very different 

• See Dialogues in Chemistry, Vol. I. 

G 2 
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kind from what you would have 
rienced by a dead weight being la£/ 
on the back of your hand^ equal to the 
pressure of the air. 

Cupping is an operation performed 
on this principle: the operator tells 
.you he draws up the flesh ; but if he 
were to speak correctly, he would say» 
he took away the external air from off 
a certain part of the body, and then 
the elastic force of the air within ex- 
tends^ and swells out the flesh ready 
for his lancets. 

' Emma. When I saw you cupped 
he did not use an air-pump, but -little 
glasses, to raise the flesh. 
. Father. Glasses closed at top are 
now generally made use of, in which 
the operator holds the flame of a 
lamp : by the heat of this the elasti- 
city of the air in the glass is increased, 
and thereby a great pait of it driven 
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xmU In this state the glass is put on 
the part to be cupped, and as the in- 
ward air cools^ it contracts, and the 
glass adheres to the flesh bj the dif- 
ference of the pressures of the internal 
and external air. 

By some persons, however, the 
syringe is considered as the most ef- 
fectual method of performing the 
operation, because by flame the air 
cannot be rarefied more than one half, 
whereas by the syringe a few strokes 
will nearly exhaust it. 

Here is another Httle square bottle 
like that before exhibited (diagram, 
p. 43), only that it is full of air, and 
the mouth sealed so closely that none 
of it can escape. I enclose it within 
the wire cage B, and in this state 
bring them under the Teceiver, and 
exhaust the external air. 

a 3 
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Charles. With what a loud repc 
it has burst ? 

Father. You can easily concei 
now in what manner this invisil 
fluid endeavours continually, by 
elastic force, to dilate itself. 

Emma. Why did you place t 
wire cage over the bottle ? 

Father. To prevent the pieces 
the bottle from breaking the receiv 
an accident that would be liable 
happen without this precaution. 

Take a new'laid egg, and mak< 
small hole in the little end of it, th< 
with that end d^^wnwards, place it 
an ale-glass under the receiver, a 
exhaust the air ; the whole contei 
of the egg will be forced out into i 
, glass, by the elastic spring of 1 
small bubble of air which is alwi 
to be found in the large end of a ik 
laid egg. 
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Emma. Well : really these expe« 
riments are very delightful. How 
gratefut do I feel to you, dear papa, 
for giving us this power of investiga^ 
tion of the works of nature. 



■ • . . *■ • 



I' - >. ■ • 



9i pMltWAtUCS. 






CONVERSATION VIIL ^ 



Of the Compression of the - 

Father. I have already i 
to the compressibility of air, w 
is proper to describe here, it \ 
consequence of its elasticity : foi 
ever is elastic is capable of 
forced into a smaller space, 
respect air differs very material! 
other fluids. 

Charles. You told us that 
was compressible in a very sm 
gree. 

Father. I did so; but th< 
pression^ which can be effecte 
the greatest power, is so very 
that, without considerable atl 
imd nicety in conducting the < 
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ments it would never have been dis- 
covered. Air, however, is capable of 
being compressed into a very small 
space compared with what it naturally 
possesses. 

Emma. The experiment you made 
by plunging an ale-glass with its 
.mouth downwards, clearly proved that 
the air which it contained was capable 
of being reduced into a smaller space. 

Father. This bended tube A B c 
is closed at A and open at c. 
It is in the common state, 
full of air. I first pour into 
it a little quicksilver, just 
suffici^t to cover the bot- 
tom a b : now the air in 
each leg is of the same density, 
and as that contained in a B can- 
not escape, because the lighter fluid 
will be always uppermost, when I pour 
more . quicksilver in at c, its weight 
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will condense the air in the leg a H ; 
lor the air, which filled the whole 
length of the leg, is, by the weight (X 
the quicksilver in c B, pressed into the 
smaller space a «r, which space will 
be diminished as the weight is increas- 
ed : so that^ bj increasing the length 
of the column of mercurj in c B, the 
air in the other leg will be more and 
more condensed. Hence we leank 
that the elastic spring of air is al- 
ways and under all circumstances, 
equal to the force which compresses it. 
Charles. How is that proved ^ 
Father. If the spring with which 
the air endeavours to expanH itself 
when it is compressed, were less than 
the compressing force, it must yield 
stin farther to that force ; that is, if 
the spring of the air in a «r were less 
than equal to the weight of the mer- 
cury in the other leg, it would be 
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forced into a yet smaller space ; but if 
tiie spring ware greater than the 
weight pressing upon i(;» it would not 
have yielded so much; for you are 
well aware that action and re-actioa 
are equal, and act in opposite diieo 
tions. 

^ 

You can now easily understand why 
the lower regions of the atmosphere 
are more dense than those which are 
higher. 

Emma. Because they are pressed 
upon by all the air that is above 
them^ and therefore condensed into a 
smsUer space. 

Father. Consequently the air be-i 
comes gradually thinner or raver, till, 
at a cMsiderable height, it may be 
coooeivtd to degenerate to nothing. 
The fitferent densnities of the air may 
be iSaHrated by eonceiving twenty or 
lidflsr iifMl fleeo^e of wecril plK^ 
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upon another; the lowest will hi 
forced into a less space, that is, ib 
parts will be brought nearer togethei 
and it will be more dense than the 
vext; and that will be more dense 
than the third from the bottom, and 
so on till you come to the uppermost, 
which sustains no other pressure than 
that occasioned by the weight of the 
incumbent air. 

Let us now see the ef- 
fects of condensed air, 
by means of an artificial 
fountain. This vessel is 
made of strong copper, and 
. is about half full of water. . 
With a syringe that screws 
to the pipe B a I force a con- 
siderablequantityofairinto 
the vessel, so that it is very 
much condensed. By turn- 
ing the stop-cock J3 while I take^lhe 
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syringe, no water can escape : * and, 
instead of the syringe, I put oa a jet^ 
or very small tube, after which the 
^top-cock is turned and the pressure 
of the condensed air forces the water 
through thQ; tube to a very great 
height. ^ 

Charles. Do you know how high 
it ascends ? 

Father. Not exactly : but as the 
natural pressure of the air will raise 
water 33 feet, so if by condensation 
its pressure be tripled, it will rise 66 
feet, 

Emma. Why tripled ? Ought it 
not to rise to this height by a double 
pressure? 

Father m You forget that there is 
the common pressure always acting 
against, and; preventing the ascent of 
the water ; therefore, besides a force 
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within to balance that witho 
must be a double pressure. 

Charles. You described i 
to be like a common water 
how are you able, by an in 
bf this kind, to fbrce in sc 
quantity of air ? Will it not ] 
the same way it is forced iA r 

Father. The only diflfer 
tween a condensing syring< 
squirt is, that, in the former. 
8 iralve that opens downw^ 
which air may be forced thr 
but the instant that the dc 
pressure ceases, the valve^ b 
of a strong spring, shuts of i 
that none can return. 

Emma. Will not air esa 
during the time you are foi 
lAore of the external air ? 

Faiher. That would be th 
the syringe pipe went no la^ 
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that part of the ressel which contain^ 
the air ; but it reaches to a considert 
able depth in the water; aadj as it 
cannot find its way back up the pipe^ 
it must ascend through the water, 
and cause that pressure upon it which 
has been described* 

diaries. To what e:&teut cm aiir 
be compi^ssed ? ; 

Father. If the apparatus be stropg 
enough, and a sufficient power ^p* 
plied/ it may be condensed several 
thousand times; that is, a vessel 
which will contain a gallon of air 19 
its natural state, may be made to con- 
tain several thousand gallons* 

By means of a fountain of this 
kind, young people like yourselves 
may receive much entertainment witii 
only a few additional jets, which ai^ 
made to screw on or off. One kind 
is so formed tl^at it will throw up and 

Ha 
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sustain on the stream a little cork ball^ 
scattering the water all round. Ano* 
ifaer is made in the form of a globe, 
pierced with a great number of holes, 
all tending to the centre, exhibiting a 
very pleasing sphere of water. One 
is contrived to show, in a neat man- 
ner, the compcKsition and resolution of 
forces explained in our conversations 
on Mechanics.* Some will form 
cascades ; and by others you may, 
when the sun shines at a certain 
'height in the heavens, exhibit artifi* 
cial rainbows, f 

■ We will now force in a fresh supply 
of air, and try some of these jets. 

Emma. I observed, in the upright 
jets, that the height to which the 
-water was thrown was continually 
diminishing. 

* See Vol. L Of Mechanics, Conner. XHL 
J- -f This phenomeooo is described and esplaiued 
in Vol. V. CoiiTorsation XVIII. ■ 
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Father.' The reason is this : that^ 
in proportion as the quantity of water 

in the fountaia is le^^ned. tb^ air has 
more room to expand, the compression 
is diminished, and xxmsequentiy the 
pressure becomes less, till at length it 
is no greater within than it is with-* 
out, and then .the fountain ceases al-* 
together. 
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CONVERSATION IX. 



Miscellaneous Experiments on the 
^ ; : Air^Fump, 

Father* I shall, tcMlay,- exhibit 
a few experiments, without any regard 
to the particular subjects under which 
they might be arranged. 

In this jar of water I plunge some 
pieces of iron, zinc, stone, &c. and 
you will see that when I exhaust the 
external air, by bringing the jar under 
the receiver of the air-pump, the 
elastic spring of air contained in the 
pores of these solid substances will 
force them out in a multitude of 
globules, and exhibit a very pleasing 
spectacle, like the pearly dew-drops 
on blades of gra$s; but when I 
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admit the air, they suddenly disap- 
pear. 

Emma. This proves what you told 
us a day or two ago, that substances 
in general contain a great deal of air. 

Father. Instead of bodies of this 
kind, I will plunge in some vegetable 
substances, a piece or two of the stem 
of beet-root, angelica, &c. and now 
observe, when I have exhausted the 
receiver, what a quantity of air is 
forced out of the little vessels of these 
plants by means of its elasticity. 

Charles. From this experiment 
we may conclude that air makes no. 
small part of all vegetable substances, 
' Father. To this piece of cork, 
which of itself would swim on the 
surface of water, I have tied some 
lead, just enough to make it sink, 
^ut, by taking off the external pres- 
sure, the cork will bring the lead up 
to th? surface* . ' , x> 
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Emma. Is that because, when thi 
pressure is taken off, the substance q. 
the cork expands^ and becomes 9p^* 
fically lighter than it was before ? 

Father. It is : this experiment is 
varied by using a bladder, in whicti 
is tied up a very small quantity oj 
air, and sunk in water; for whei 
the external pressure is removed^ tlu 
spring of air within the bladder wil 
expand it, make it specifically lightei 
than water, and bring it to the sur^ 
face. 

The next experiment shows, thai 
the ascent of smoke and vapours de^ 
pends on the air. I will blow ouf 
this candle, and put it under the 
receiver; the smoke now rises tc 
the top, but as soon as the air ii 
exhausted to a certain degree, the 
smoke descends, like all other heavj 
bpdies;^. ,... 

Charles. Do smoke»Bnd vapaun 
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rise because they are ligher than the 
surrounding air ? 

Father. That is the reason : some* 
times you see smoke from a chimney 
rise quite vertically in a long column ; 
the air then is very heavy : at other 
times you may see it 3escend, which 
is a proof that the density of the at- 
mosphiere is very much diminished, 
-and is/ in fact» less than that of. the 
smoke. And at all times smoke 
can ascend no higher than where it 
meets with air of a density equal to 
itself, and there it will spread about 
like a cloud. 

This figure is usually call- 
ed the Lungs-glass : a blad- 
der is tied close about the 
little pipe «, which is screw* 
ed into the bottle a, and at 
first nearly fills it. I introduce it 
under the receiver a b, and b^;in to 
exhmist the air of the i^ica^V^^v^ac^^ 
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that in the bladder commi 

with it, will also be withdn 

elastic force of the air in the 

will now press the bladder to 

veiling state represented in tl 

I will admit the air which ex 

bladder ; and thus^ by alteri 

hausting and re-admitting t 

Bhow the action of the Inngs i 

ing. But peiiiaps the folic 

perintent will give a better i( 

subject. A represents the lun 

B the windpipe leading to the 

which is closely fixed in ^ 

neck of the bottle, from wh 

the air cannot escape : D ii 

bladder tied to the bottom, i 

in its distended state will, ^ 

the internal cavity of the 

tie, represent the cavity of 

body which surrounds the lu 

. at tlie moment you have ts 

in breath; I force up D 
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secbnd figuire,) and now the bladder k 
shrivelled by the pressure of the extern 
bal air in the bottle^ and represents 
the lungs just at the moment of expi-* 
ration. 

Emma. Does the first figure show 
the state of the lungs after I hAve 
drawn iti my breath, and the second 
when I have thrown it out forcibly ? 

Father. That is what the figures 
are intended to represent^ and they 
are well adapted to show the eleva«i 
tion and compression of the lungs; 
although I do not mean to assert, 
that the action of the lungs in breath* 
ing depends upon air in the same 
manner as that in the bladder does 
upon the air which is contained iii 
the cavity of the battle. 

I have exactly balanced oh this 
Jcd^beam a piece of lead and t piece 
vr »^ky m lhi$ dt*te I will intM^ 
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duoe them under the receiverj, and 
exhaust the air. 

Charles. The cork now seems tc 
be heavier than the lead. 

Father. In air each body lost \ 
weight proportional to its bulky bui 
when the air is taken away, the 
weight lost will be restored ; but a 
the lead lost leasts it will now regaii 
the least, consequently the cork wi] 
preponderate with the difference o 
the weights restored by taking awa;| 
the air. 

Thus you see that in vacuo, i 
pound of corkf or feathers, would b 
heavier than a pound of lead. 

Emma. Why do bodies, whei 
weighed in air, lose weights propoi 
tional to their bulks ? 

Father. Because the air, being i 
fluid substance, tends to lift up i 
body; ipiiQereed ja iti and the larg€ 
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the body^ the more effect it will have 
upon it : of course, it has more effect 
)n an ounce, of cork^ than on an 
>unce of lead. 
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CONVERSATION IL 



Of the Air-gun and Sound. 

Father. The air-gun is an in- 
strument, the effects of which depend 
on the elasticity and compression of 
air. 

Emma. Is it used for the same 
purposes as common guns ? 

Father. Air-guns will answer all 
the purposes of a musket or fowling- 
piece: bullets discharged from them 
will kill animals at the distance of 
60 or 60 yards. They make no re- 
port, and on account of the great 
mischief they are capable of doing, 
without much chance of discovery, 
they are deemed illegal, and are, or 
ought to be found no where but 



among the apparsitu^ of the eKperi? 
mental pfaUosopber. 
. Charlesp Caa yoi) idigw us the 
construction of an air-gun ? 

Father. It wa?j formerly a very 
complex; machine, hut now the conr 
attraction of air-guqs is very simple; 
this is one of the qdost approved. 




Emma. In appearance it is very 
naucb like 9 common muskets with 
the addition of a round ball c. 

Father. That ball is hollow, and 
contains the condensed air, into which 
it is forced by means of n syringe, and 
tbpn jjcre wed to the barrel qf th^ gpn. 

Charles. U there fixed to th« baU 
a valve ppening inwards ? 

Mther^ .There te s wd wtnen th^^ 
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leaden bullet is rammed down, th:^ 
trigger is pulled back, which foro^^ 
down tha hook b upon the pin cod^* 
nected with the valve, and liberates 
a portion of the condensed air; this 
rushing through a hole in the lock 
into the barrel, will impel the bullet 
to a great distance. 

Emma. Does not all the air escape 
at once? 

I Father. No : if the gun be well 
made, the copper ball will contain 
enough for 15 or 20 separate charges: 
«o that one of these is capable of 
doing much more execution in a given 
time than a common fowling-piece. 

Charles. Does not the strength of 
the charges diminish each time? 

Father. Certainly; because the 

condensation becomes less upon the 

loss of eveiy portion of air ; so that 

^after a few discharges the buUet^will 
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be projected only a short distance; 
To remedy this inconveniencey you 
might carry a square ball of two readj^ 
filled with condensed air in your 
pocket, to screw on when the othes 
was nearly exhausted. Formerly, 
this kind of instrument was attadied 
to gentlemen's walking sticks. 

Charles. I should like to. have one 
of them. 

Father. I dare say you would r 
but you must not be trusted with in* 
struments capaUe of doing much 
mischief till it is quite certain thafc^ 
your reason will restrain you from 
actions that might annoy other p»r- 
sons. 

A still more formidable instrument^ 
is called the Magwsim wind-gun. In 
this there is a magazine of bullets as. 
well as another of air, aud when it ia> 
properly charged, *the.iiql|etsinay.te^ 

I 3 



90 .TNBUMAT1C8. 

projected one after another as tagi as 
the gun can be cocked, and the- pan 
opened. The syringe in these is 
fixed to the butt of the gun, bjr which 
it is easily charged, and may be kept 
in that state for a great while. 
: Emma. Does air never lose its 
elastic power ? 

' Father. It would be too much to 
assert that it never will : but. experi- 
ments have been tried upon- different 
portions of it, which have been foutod 
as elastic as ever after the lapse of 
many months, and even years. 

Charles. What is this beU for ? 
- Father. I took it out to show you, 
that air is the medium by which« in 
general, sound is communicated. I 
will place it under the recover of the' 
air-pump, and exhaust the air. Now 
observe the clapper of the bell while I 
shake the apparatus* 
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' '. Emma. I see* clearly that the clap- 
per strikes the side of the bell, but I 
do not hear the least noise. 
.^ Father. Turn the cock and admit 
the air ; nov7. you hear the sound plain 
enough:— -and if I use the syringe 
and a diiBTerent kind of glass, so as to 
condense the air, the sound will be 
very much increased. Djp. Desaguliere 
says, that ^in air that isj twice as 
dense as common air, he could hear 
the sound of a bell at double the dis^ 
tance« i 

Charles. Is it on account of the 
different densities of the atmosphere, 
t^t we hear St. Paul's clock so much 
plainer at one time than another ? 
, .Father. Undoubtedly the different 
d^rees of density in the atmosphere 
wiU occasion some difference^ but the 
principal cause depends on the quarter 
i^pm. which the wind blows, for as the 
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directum of that is towards or opposite 
to our bouse, we hear the clock better 
or worse. 

Emma. Does it not require great 
strength to condense air ? 

Father. That depends much on 
the size of the piston belonging to the 
syringe; for the force required in- 
creases in proportion to the square of 
the diameter of the piston. 

Suppose the area of the base of the 
piston is one indi, and you have 
already forced so much air into the 
vessel that its density is double that 
of common air, the resistance opposed 
to you will be equal to 15 pounds; 
but if you would have it 10 times ai 
dense, the resistance will be equal tc 
150 pounds. 

Charles. That would be more that 
I could manage. 
. Fath^r^ . Wdlf then, yon . mus 
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take a syringe, the area of whose 
piston is only Jialf an inch ; and in 
that case the resistance would .be 
equal to only the fourth part of 150 
pounds, because the square of 4- is 
equal to 4..* 

Emma. You said that the &ir was 
generally the medium by which sound 
is conveyed to our ears ; is it not al- 
ways so ? ' ^ 

Father. Air is always a good con- 
Hluctor of sound, but water is a still 
better. Two atones being struck to^ 
^ether under water, the sound may be 
heard at a greater distance by an ear 
placed under water in the same river, 
than it can through the air. In calm 
weather, a whisper may be heard 
across the Thames. 

The slightest scratch of a pin, at 

* The square of any number being the nqmber 
Smiltiplied into ittelf^ | X i =t- 
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one end of a long pieoe oB t 
{nay be heard by an e^r appUec 
the other end» though It could ] 
heard at half the distance throu] 

sir* 

The earth is not a bad coodui 

round: it is saidj that, by ap 

i^e ear to the grounds the trai 

of horses may be heard much « 

than it could through the medi 

the air. Jleeounie has sometiou 

bad to this, mode of learning tl 

^loach of a hostile army. 

Take a long strip of flanne 

in the middle tie a common ] 

which answers as well as any 

leaving the ends at liberty ; 

ends must be rolled round tfa 

of the first finger of each han< 

then stoptnofiT the ears with the 
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edge of a steel fender ; the depth of 
the tone which the stroke will return 
is amazing ; that made hy the largest 
church-bell is not to be compared with 
it— Thus it appears that flannel is an 
excellent conductor of sound. 
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CONVERSATION XU 



Of Sound* 

Father. We shall devote this 
Conversation to the consideration of 
some curious circumstances relating 
to sound ; which, as depending upon 
the air, will come very properly under 
Pneumatics. 

Charles. You showed us yesterday 
that the stroke made by the clapper 
of a bell was not audible, when it was 
under an exhausted receiver ; is the 
air the cause of sound ? 

Father. Certainly in many cases it 
is : of this kind is thunder^ the most 
awfiil sound in nature; — 
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■ ■ ■ The air is vehicle of sound j 
Remove but the elastic pulse of air. 
And the same ear, which now delighted feels the 
Nice distinction of the finest notes. 
Would not discern the thunder from a breeze* 

EusosiA. , 

Emma. Is thunder produced by 
the air ? 

Father. Thunder is generally sup- 
posed, to be. produced by the concus- 
sion . or striking together of two 
bodies of air; for lightnings darting 
through the air^ causes^ by it& great 
velocity, a vacuum, and the separated 
bodies of air rushing together pro-* 
duce the noise we call thunder. The 
same effect, only in miniature, is 

produced by the inflammation of gun* 
powder. 

Charles. Can the report of a large 
cannon be. called a miniature imita* 
tipq ? I remember . being once in a 
room at the distance of but a few pacea^ 

VOL. IV. K 
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from the Tower guns when th^ 1 
and the noise was infinitely worse 
any thunder that I ever heard. 

Father. This was because you 

near them: gunpowder^ so tremei 

as it is in air, when inflamed 

vacuum makes no more sound 

the bell in like circumstances* 

■ Mr. Cotes mentions a very ct 

experiment^ which was contriv 

show that sound cannot pen 

through a vacuum. A strong rec 

filled with common atmospher 

in which a bell was suspended 

screwed down to a brass plate fc 

that no air could escape, and tk 

included in a much Iwrgev m 

When the air between the ti 

oeivers was exhausted^ the soi 

the bdl could not be heard. 

Emmam CSouId it be heanL 
tlic air was Ukm away ? 
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f^athtr. Yes-; tad also the momeDt 
it was re-admitted. 

Charles. What ia the reaion that 
some bodies sound so much better 
than others? BeU*4aetali8 more mu4 
sical t^mu coppex qr brass, and t^ese 
sound much better thau many dthor 
substances* 

Father. All sonorous bodies are 
idastici the parts of which by percus** 
sioh are made to vibrate : and as long 
as the yibr^tioQs continue, correspond* 
ing vibrations are communicated to 
the afr, and these produce sound* 
Musical chords and bells are instances 
that will illustrate this. 

]^mma. The vibrations of the bell 
are xiot visible; and musical chords 
IviU vibrat« after their sound has 
vanished* 

F father ^ If light particles of dust 

k2 
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be on the outside of a bell when it 5 
struck, you will, by their motio-^ 
have no doubt but that the partid^^ 
of the metal move too, though not 
sufficiently to be visible to the naked 
eye ; and though the motion of a 
musical string continues after the 
sound ceases to be heard, yet it does 
not follow that sound is not still pro- 
duced, but only that it is not suffi- 
ciently strong to produce a sensation 
in the ear. You see in a dark night 
the flash of a gun, but, being at a 
considerable distance from it, you 
hear no report. If, however, you 
knew that the light was occasioned 
by the inflammation of gunpowder in 
the musket or pistol, you would con- 
clude that it was attended with sound 
though it was not sufficient^ strong 
to reach the place where you are. - 
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Gharla. Is it known how &r sound 
can be heard ) 

Father. We are assured upon 
good authority, that the unassisted 
human voice' has been heard in the 
stillness of night at the distance of 1ft 
er 18 miles: namely, from New to 
Old Gibraltar. And in the famous 
sea fight between the English and 
Dutch, in 1673> the sound of cannon 
was heard at the distance of 200 miles 
from the plaice of action.-^In both 
these cases the sound passed orer 
water; and it is well known that 
sound may be always conveyed much 
farther along a smooth than uneven 
surface. 

Experiments have been instituted 
to ascertain how much water, as a 
Conductor of sound, was better than 
land ^ and a person was heard to rea<|. 

K 3 



102 PNEUMATICS. 

very distinctly at the distance of 140 
feet on the Thames, and on land he 
could not be heard farther than 76 
feet 

Emma. Might not there be inter- 
ruptions in the latter case ? 

Father. No noise whatever inter- 
vened by land» but on the Thames 
there was some occasioned by the 
flowing of the water. 

Charles. As we were walking last 
summer towards Hampstead, we saw 
a party of soldiers firing at a mark 
near Chalk Farm, and you desired 
Emma and me to take notice as we 
approached the spot, how much sooner 
the report was heard after we saw the 
flash, than it was when we first got 
into the fields. ' 

Father. My intention was, that 
you . should know, from actual ex- 
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periment^ that sound- is riot con- 
veyed instantaneously, but takes^ 
a certain tiriae to travel over a given 
space. 

When you stood close to the 
place, did you not observe the smoke 
and hear the report at the same in- 
stant ? 

Emma. Yes, we did. 

Father. Then you are satisfied' 
that the light of the flashy and the 
report, are always produced toge-^ 
ther. The former comes to the eye 
with the velocity of light, the latter 
reaches the ear with the velocity 
with which sound travels: if then 
light travels faster than sound, you 
will, at any considerable distance 
from a gun that is fired, see the flash 
before you . hear the report. Do 
you know with what velocity light 
trayel^? 
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Charles. At the rate of 12 
of miles in a minute.^ 

Father. With regard then t 
veral hundred yards, or even a 
niles, the motion of light ma; 
considered as instantaneous: th^ 
there would be no assignable d 
ence of time to two observers, 
of whom should stand at the bi 
of the gun and the other at 
distance of six^ or eight, or ten i 
from it. 
i . £mma. This I understand, 

cause 10 miles is as nothing i 
compared with 12 millions. 

Father. Now sound travels 
at the rate of about 13 miles in i 
nute; therefore as time is c 
f divisible into seconds, the progrc 

I motion of sound is readily markc 

I 
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means of a stop-watch ; consequently, 
if persons situated, some close to a 
gun when it is discharged, others 
at a quarter of a mUe from it, and 
others at half a mile, aiid soon ; they 
will all see the flash or smoke at the 
same instant, but the report will reach 
them at different times. 
' Charles. It it certain that sounds 
of all kinds travel at this rate ? 
= Father. A great variety of expe^ 
riments have been made on the sub- 
ject, and it seems now generally 
agreed that sound travels with a uni- 
form velocity which is equal to 114!8 
feet in a second of time. 

Emma. Then with a stop-watch 
you could have told how far we were 
from the firing when we first saw it. 

Father. Most easily : for I should 
have counted the number of seconds 
that elapsed between the flash and 
the report, and then hav^ m\iN&^$&^ 



1142 by the oumber, and I dun 
have had the exact distance ia i 
))etween us and the gun. 

Charles. Has this knowledge hi 
applied to any practical purpose ? 

Father. It has frequently h 
used at sea, by night^^ to know l 
distance of a ship that has fired . ] 
watch-guns. Suppose you were 
a vessel, and saw the flash of a gi 
and between that and the report 
seconds elapsed^ what would be \ 
distance of one vessel from another 

£mma. I should multiply 11 
by 24>, and then bring the prodi 
uito miles, which in this instance 
et^ual to something more than f 
miles. 

, Father. The mischief occasion 
by lightning is supposed to dep« 
mufih on the distance at whidi i 
$torm is from the spqtf from whence 



By <!ountiiig the numbw of ae- 
tends djtipaed between the flash of 
lightning und the dap ^ thnnder^ 
jou may ascertain how far distant 
yott are from the stomiv 

Charles. I should like to have' a 
stop-watch to be able to emulate this 
fbr myself. 

Father. As it will probably bd 
some time before you become pos*> 
sessed of such tin expensive instm^ 
ment, I will tell you of something 
which you have alwajrs kbout you, and 
which will answer the purpose. 

Emma. What is that^ papa? 

Father. The pidse at your wrists 
which> in healthy people^ generaHy 
beats about 75 times in a minute : 4 
in the same space of time sound iSies 
IS ttiles: therefore^ in one pubatum 
sound fiasses over 18 m3es dinded 
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by 75, that is about 915 feety or the 
j-th part of a mile, consequently in 
six pulsations it will pass. over a mile. 

Emma. If I see a flash of light- 
ning, ** and between that and the 
thuii^er I count at my wrist 36 or 
60 pulsations, I say the distance in 
one case is equal to six miles, in the 
other ten: because, if sound travel 
ith of a mile in the interval between 
- two pulsations at the wrist, it will 
travel V = 6 miles, during 36 pulsar 
tions; and V=10milesj during 60 
pulsations. 

Father. You are right; and this 
method will, for the present, be suf- 
ficiently accurate for all your pur- 
poses. 

Charles. The information you 
Iiave now given us, is highly interest- 
ing: and I doubt not but that my 
sister and I shall meet with many 
opportunities of putting it in practice. 
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Of the Speakifig'Trumpet. \' "" 

Charles. I have been thinking 
about the nature of sound, and am 
anxious to ask what it is ; I can 
conceive of particles of light issuing 
from the sun, or other luminous 
bodies, but I know not what sound is. 

Father. It would be but of little 
use to give you a definition of sound, 
but I will endeavour to illustrate the 
subject. Sound is not a body lik,e 
light, but it depends on the concur* 
sion or striking together of other 
bodies that are elastic, which being 
put into a tremulous motion^ excite 
a wave in the surrounding air* 

VOLf IVr !• 
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Emma. Is it such a wave as we 
^ee in the pond when it is ruflSed hy 
the wind ? 

Father. Rather such a one as is 
pvoduced by throwing a pebble into 
still water. 

Charles. I have often observed 
thi^ ; the surface of the water forms 
itself into circular waves/ 

Father. It is probable that the 
tremulous motion of the parts of a 
sonorous body communicate undula- 
tious to the air in a simUar manner. 
Two obvious circumstances must 
strike every observer with regard to 
the undulations in water. (1.) The 
waves, the farther they proceed from 
the striking body, become* less and 
le^P till, if the water be of a sufficient 
magnitudet they become inviiibk, 
and die away. The same thing takes 
place jfj$h jrcgard ^ sQundi t)ie fat- 
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ther a pei^n in jBrt)iti the sou tiding" 
body the lesft pluinly it is heflrd^ tiQ 
at length the distande is too great for 
it to be audible : and {%) the waves 
on the \^ater are not propagated in-^ 
stantaneously, but are formed one 
after another In a given space of time* 
This, from what we have already 
£fcown, appears to be the manner ia 
which sound is propagated* 

Emma 4 Is sound the effbct which 
ii produced on the ear by the undu- 
lations of the air. 

Father. It is: and according M 
these wavea are stronger or Weaker, 
the impression, and consequently tlm 
sensation is greater or less. If sodnd 
be impeded in itd progress by a body 
that has a hole in it, the waves pasef 
through the hole, and then divei^ 
on the other side as from a centre : 
the vibrations of the substance of the 
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sides of the tube» as well as the shape 
of the mouth, tend to augment the 
sound. Upon this principle the 
speaking-trumpet is constructed. 
. Charles. What is that, sir ? 
: Father. It is a long tube, used 
for the purpose of making the voice 
heard at a considerable distance:—* 
tlie : length of the tube is from 6 to 
12 or 15 feet ; it is straight through- 
out, : having at one end a large aper- 
ture, and. the other terminates in a 
proper shape and size to receive the 
lips of the speaker. 

Emma. Are these instruments 
much in use ? 

Father. It is believed that they 
were more used formerly than now : 
they are certainly of great antiquity. 
Alexander the Great made use of 
such a contrivance to communicate 
his orders to the army; by means oC 
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Afhich it is asserted he could make 
liy&iself perfectly utiderstobd at the 
Stance of 10 or 12 mileSr Stentor 
ig celebrated by Homer as one who 
could call louder than fifty men: — 

HeaTVs empress mingles with the mortal crowd. 
And shouts, in Stentor's sounding toico aloud : 
Stentor the strong, endu'd with hra%en lungs, 
• Whose throat surpoas'd the force of fifty tongues. 

Pors's HoHER, V. 976. 

From Stentor the speaking-tnim-» 
{let has been called the steotoro^ 
phonic tube. 

Charles. Perhaps Stentor was em- 
ployed in the army for the purpose of 
communicating the orderid of the ge^ 
neva], and he might make use of a 
trumpet for the purpose, and that is 
what is meant by brazen lungs. 

Father. That is not an impro« 
bable conjecture* Well, besides speak- 
ii^-trumpets, there are others «con^ 

L 3 
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trived for assisting the hearing of 
deaf persons, which differ but litUe 
from the speaking-trumpet. 
X If A and B represent two trumpets, 
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placed in an exact liqe at the dis- 
tance of 40 feet or more from one 
another, the smallest whisper at a 
would be heard distinctly at ^; so 
that by a contrivance to conceal the 
trumpets, many of those speaking 
figures are constructed which ;Bre fre- 
quently exhibited in the metropolis 
and other large towns. 
. Emma. I see how it may be done ; 
there must be two sets of trumpets, 
the one connected with the ear of 
the image into which the spectator 
4)rhispersy and which conveys th 
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jgound to a person in another room, 
;l¥ho, by tubes connected with the 
mouth of the image^ returns the an- 
swer. 

Father. Dr. Young, in his Lec- 
tures on natural philosophy, says, 
that the exhibition of the invisible 
^irl is performed by conveying ' the 
sound through pipes, artfully con- 
cealed, and opening opposite to the 
mouth of the trumpet, from which it 
seems to proceed. 

Charles. How are the lips in this 
case set in motion ? 

Father. Very easily, by means of 
a string or wire passing under the 
floor up the body of the image. It 
is not necessary, however, to give you 
a minute description now. 



1 16 • nmtrtfATim* 



CONVERSATION XUI. 



aiH* 



Of the Echo. 

Father. Let us turn ou 
tention to another curious si 
relating to sound, and whicft de 
on the air ; I mean the echo; 

Emma. I have often bee 
lighted to hear my own wor( 
peated, and I once asked C 
how it happened, that if I stoo 
particular spot in the garden 
shouted loud, m j words were dL 
Ijr repeated ; whereas if I moc 
few yards nearer to the wall I ii 
answer. He told me that he 
nothing more than this, that 
part of Ovid's Metamorphoses, 
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is represented as having been a 
nymph of the woods, but that, pining 
away in love^ hef voice was all that, 
was left of her. 

Charles* I did; and you shall 
hear a translation of the whole pas-* 
sage : 

So wondrous are the. effects of restless pain, 
Tha^ nothing but her voice and bones remain^ ' 
Nay, e*en the very bones at last are gone^ 
' And metamorphos'd to a thoughtless stone ; 
Yet still the voice does in the wood survive. 
The form's departed, but ihe sound's alive. 

Emma. But these lines say no* 
thing of Echo being a nymph. 

Charles. Well, then, heme are 
others applied - immediately to 
Echo : — 

A nymph she was though only now a«otifu/, 
Yet of her tongue no other use was ii#nd. 
Than now she has ; which never could be more 
Than to repeat what she had heard befor^. 

Father^ I apprehend this will give 
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your sister but little satisfactloo re- 
specting the cause of the echo^ which 
slie has often heard,^and which she 
may still hear in the garden. 

Emma. No^ I cannot conceive 
why a nymph of the woods should 
take' up her residence in our garden^ 
and the more so as I never MW 
her. 

Father. If she is a mere sound, 
you cannot see her : I will endeavour 
to explain the subject. When you 
throw a pebble into a small pool of 
water, what happens to the waves 
when |hey reach the margin ? 

Charles. They are thrown back 
again J 

Father. The same happens with 
regard |p the undulations in the air, 
which are the cause of sound. They 
strike ' against any surface fitted for 
$he purpose^ as the side of & house, a 
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brick wall* a hill, or even against 
tree^f and are reflected or beat bacl^ 
again : this is the cause of an echo. 

Emma, I wonder then that we 
do not hear echoes more frequently. 

Father. There mu$t be several 
concurring circumstances befijre an 
echo can be produced* For an echQ 
to be heard» the ear must be in the 
line of reflection. 

Charles. I do not know what you 
mean by the line of reflection. 

Father. I cannot always avoid 
.using terms that have not been pre- 
viously explained. This is an in^ 
stance. I wiil^ howev^r^ explain 
what is meant by the line of inci- 
dence, and the liqe of reflection^ 
When you come . tQ Optics, these 
subjects will be made very familiar 
to; y Oil/ You cm t)lay ftt marbles? 

. Ck»rkit : Ytff «0d: M «ra TiismA 
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Father. It is not a very comnu 
amusement for girls; however^ as 
happens, I shall find my advantaj 
in it, as she will the more readily e 
ter into my explanation. 

Suppose you were to shoot 
marble against the wainscot, wl 
Would happen? 

Charles. That depends on the i 
rection in which I shoot it : if I stai 
directly opposite to the wainscot, t 
marble will, if I shoot it stro! 
enough, return to my hand; 

Father. The line which the m\ 
t)le describes in going to the wall, 
called the line of incidence^ and tt 
which it makes in returning is i 
iine of reflection. 

Emma. But they are both t 
same. 

Father. In this particular i 
4rtaDce-the]r are so : but siipjpow 9 
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shoot obliquely or sideways against 
the boards will the marble return to 
the hand ? 

Charles. O no! it will fly off 
sideways in a contrary direction. 
. Father. There the line it describes 
before the stroke^ or the line of inci- 
dence, is different from that of re- 
flection^ which it makes after the 
stroke. I will give you another in- 
stance : if you stand before the look* 
ing-glass you see yourself, because 
the rays of light flow from you, and 
are reflected back again in ishe same 
line. But let Emma stand on one 
side of the room, and you on the 
other: — you both see the glass at 
the upper end of the room. 

Emma. Yes, and I. see Charles 
in it. too. 

Charles. I see Emma, but I dp 
jiot see myself* : .^ 

Vol. IV, K 
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Father. This happens just lik« 
the marble which you shot sideways* 
The rays flow from Emma obliquely 
cm the glass, upon which they strike^ 
and fly off in a contrary direction^ 
and by them you see her. I will ap- 
ply this to sound. — If a bell a be 

struck, and the 





undulation of JHK.' ^ * 

the air strike 

the wall cdm . ^s. ! 

aperpendicular ^ 

direction, they will be reflected back 
in the same line; and if a person 
were properly situated between a and 
c, as at x^ he would hear the sound 
of the bell by means of the undula- 
tions as they went to the wall, and 
lie would hear it again as they came 
back, which would be the echo of the 
first sound, 

Emma. I now imderatand the 
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distinction between tbe direct soand* 
and the ecbo^ 

- Father* If the undulations strike 
the wall obliquely, they will, like the 
marble against the wainscot^ or the 
rays of light against the glass, fly off 
again obliquely on the other side, in 
a reflected line, as cm: now if there 
be a hill or other obstacle between 
the bell and the place tn where a 
person happens to be standing, h6 
will not hear the direct sound of the 
bell, but only tbe echo of it, and to 
him the sound will come along the 
line c m. 

Charles. I have heard of places 
where the sound is heard repeated 
several times. 

Father. This happens where 
there are a number of walls, rocks, 
&c., which reflect the sound from 
bne to the other ; and where a p6r-^ 
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sons happens to stand iq sttch a situ- 
ation as to intercept all the lines of 
reflection. These are called tautolo- 
gical, or babbling echoes :— * 

■ Babbling echo inodLs the boands^ 

Replying shrilly to the well-tun'd horns. 
As if a double hunt were heard at once. 

Shakspeare. 

There can be no echo unless the 
direct and reflected sounds follow one 
another at a sufficient interval of 
time ; for if the latter arrive at the 
ear before the impression of the direct 
sound ceases, the sound will not be 
double, but only rendered more in- 
tense. 

Emma* Is there any rule by which 
the time may be ascertained ? 

Father. Yes, there is ; I will begin 
with the most simple case. If a i}er- 
son stand at x in the last figure, in 
prAer that thQ qcUq may be dia- 
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linct, the difference between the 
ispace a x^ and a c added to c .r, must 
be at least 127 feet. 

Charles. The space through which 
the direct sound travels to a person is 
a cT, and the whole direct line to the 
wall is dc, besides which it has to 
come back through ex to reach the 
person again. All this I compre« 
hend: but why do you say 127 feet 
in particular? 

Father. It is founded on this 
principle. By experience it is known 
that about nine syllables can be ar- 
ticulately and distinctly pronounced 
in a second of time. But sound 
travels with the velocity of 1142 
feet in a second, therefore in the 
ninth part of a second it passes ovor 
Jl1±«, or 127 feet nearly, and conse- 

9 

(tjuently the reflected sounds vq\\\s3eL \^ 

MS 
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the echo, to be distinct, must travel 
oyer, at least 127 feet more than the 
direct 

. Emma. K c din the figure repre- 
^nt the garden wall, how far must I 
be from it to hear distinctly any 
word I utter? will 63 or 64 feet be 
sufficient, so that the whole space 
which the sound has to travel be 
equal in this case also to 1SI7 feet? 

Father. It must be somethin| 
more than this, because the first sound 
rests a certain time on the ear, whidi 
should vanish before the echo returns, 
or it will appear a continuation ol 
the former, and not a distinct sound 
it is generally supposed that the dis- 
tance must not be less than 70 or 7S 
feet ; and this will give the distinct 
echo of one syllable only. 
. Charles. Must the distance b 
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increased in proportion to the num- 
ber of syllables that are to be re- 
peated? 

Father. Certainly ; and at the dis- 
tonce of about 1000 or 1200 feet, 8 
or 10 syllables, properly pronounced, 
will be distinctly repeated by the 
echo. 

I am obliged to quit you more ab- 
ruptly than I could wish; .we Arill 
resume this subject to-'morrow. 
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CONVERSATION XIV. 



Of the Echo. 

• * Father. I will now name to 
you some of the most celebrated 
eehoes. At Rossneath^ near Glasgow, 
there is an echo that repeats a tune 
played with a trumpet three times 
completely and distinctly. Near Rome 
, there was one that repeated what a 
person said five times. At Brussels 
there is an echo that answers 15 
times. At Thornbury Castle, Glou- 
cestershire, an echo repeats 10 or 11 
times very distinctly. Between Cob- 
lentz and Bingen axi ^c\\o \^ c^V^Vst^\ad 
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^' different from most others. In 
9ommon echoes the repetition is not 
heard till some time after hearing the 
yrords spoken or notes sung ; in thi& 
the person who speaks or sings is 
i?carcely heard, but the repetition is 
perceived very clearly, and in sur- 
prising varieties: the echo in some 
cases appears to be approaching, in 
others receding; sometimes it is heard 
fKstinctly, at others scarcely at all: 
one person hears only one voice, while 
another hears several. And^ to men* 
tion but one more instance, in Italy, 
near Milan, the sound of a pistol is 
returned 56 times. 

Emma. This is indeed 

To fetch shrill echoes from their hollow earth. 

Father. The ingenious Mr. Der- 
ham 'applied the echo to measuring 
inaccessible distances. 

Charles. How d\A \v^ ^o ^Jkw^'^^ 
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Father. Standing on the batafe 
of the Thames^ opposite Woolwidif 
he observed that the echo of a single 
sound was reflected from the houses 
in three seconds, consequently in 
that time it had travelled 8426 feet^ 
the half of which, or 1718 feet, waa 
the breadth of the river in that partis 
cular place. 

Did you ever hear of the Whisper^ 
ing-6allery in the dome of St. Paul's 
Church ? 

Emma. Yes ; and you promised 
to take us to visit it some time. 

Father. And I will perform my 
promise. In the mean while it may 
be proper to inform you, that the 
circumstance that attracts every per- 
son's attention is, that the smallest 
whisper made against the wall on one 
side of the gallery is distinctly heard 
on the other side. 
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Charles. Is this effect produced 
the principle of the echo ? 
Father. No : the undulations 
caused in the air by the voice are 
'reflected both ways round the wall, 
^hich 18 ihade very smooth, so that 
none may be lost, and me^t at the 
opposite side; consequently, to the 
hearer, the sensation is the same as 
if his ear were close to the mouth of 
the speaker. 

Emma. Would the effect be the 
same if the two persons were not 
opposite to one another ? 

Father. In that case the words- 
spoken w6uld be heard double, be- 
cause one arc of the circle being 
less than the other, the sound will 
iirrive at the ear sooner round the 
shorter arc than round the longer 

Charles. Yoa ssdd \iXi^ ^r«& *^ 
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very smooth : is there a mateiial'di 
ference, in the conveyance of soon 
whether the medium be rough ' 
smooth? 

Father. The difference is ve 
great. Still water is, pdrhaps, tl 
best conductor of sound : the ec: 
which I mentioned, in the neighboi 
hood of Milan, depends much • 
the water over which the villa* stani 
Dr. Hutton in his Mathematii 
Dictionary, gives the following i 
stance, as a proof that moisture I 
a considerable effect upon sound, 
house in Lambeth Marsh is ▼< 
damp during winter, when it yie 
an echo, which abates as soon as 
becomes dry in summer. To incra 
the sound in a theatre at RomCj 
canal of water was carried under 1 
floor, which caused a great difl 
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Next to water, stotie i$ reckolied a 
good conductor of sound, though 
the tose is rough and disagreeable ; 
a well-made brick wall has been 
known to convey a whisper to the 
distance of 200 feet nearly. Wood 
u sonorous, and produces the most 
agreeable tone, and is therefore the 
most proper substance for musical 
instruments : of these we shall say a 
word; or two before we quit the sub- 
ject of sound. 

Emma^ ■ All wind instruments, as 
jQiutes,* trumpets, &;c. must depend 
on the air : but do stringed instru- 
.ments ? - . . - 

Father. They all depend on the 
vibrations which they make in the 
surrounding air. I will illustrate what 
I have to say by means of the Eolian 
harp. 

VOL. IV^ N 
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' If a cord eight (Jr ten yards long 
be stretched very tight between two 
points, and then struck with a stick, 
the whole string will not vibrate, but 
there will be several still places in it, 
t)et ween which the cord will move. 
Now the air acts upon the strings of 
the Eolian harp in the same manner 
as the stroke of the stick upon the 
long cord just mentioned. 

Charles, Do not the different 
notes upon a violin depend upon the 
different length of the strings, which 
is varied by the fingers of the musi- 
cian ? 

Father. They do: and the cur- 
rent of air acts upon each string, and 
divides it into parts, as so many ima- 
ginary bridges. Hence every string 
in an Eolian harp, though all are in 
unison, become capable of aevend 



» > .. 
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sounds from which arises the wild 
and wonderful harmony of that in** 
strumenC. 

The undulations of the air^ caused 
by the quick vibrations of a string,. 
are well illustrated by a sort of me« 
ehanical sympathy that exists among 
accordant sounds. If two strings on 
different instruments are turned in 
unison, and one be struck^ the other 
will reply^ though they be several feet 
distant from oqe another. . 

Emma* How is this accounted 
for? 

* Father. The waves made by the 
first string being of the same kind as 
would be made by the second if struck, 
those waves give a mechanical stroke 
to the second string, and produce its 
sound. 

Charles. If all the strings ow IW 
Eolian harp are set to tYie %^.\si^ xisA^.'* 

N a 
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willthejr all vibrate by striking 'only 
ime? 

Father. They will ; but the hxA 
18 well illustrated * in this method : 
bend little bits of paper over each 
string, and then strike one sufficient* 
ly to shake off its paper, and you will 
see the others will fall from their 
strings* 

Emma. Will not this happen if 
the strings are not in uniston ? 

Father. Try for yowself; alter 
the notes of all the strings, but two, 
and place the papers on agaio ; vi* 
brate that string which is in unison 
with another. 

, Emma. The papers on those are 
shaken off; but the others remain. 

Father. A. wet finger pressed 
round the edge of a thin drinkiog- 
glass will produce its key : if the 
fflass be struck so as \^ ^^toduoe its 
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|Htdi> and an unison to that pitch be 
jBtrongly excited on a violoncello, the 
^S8 will be set in motion, and if neat 
the edge of the table will be liable to 
b^ shaken off. 

' On the same principle the harmoni-^ 
teal glasses are constructed, which are 
^raid to produce sweeter tones than 

tran be had from any other instrument, 

• 

alld that may be swelled and softened 
at pleasure by different pressures of 
the finger. 

• The fundamental facfts on which 

ttlie whole depends are these. ' The 

-nature of the tone, as to gravity or 

acutenessy depends altogether upon 

the number of vibrations made in a 

given time : the sweetness of the tone 

^depends upon the vibrating substance 

of the instrument, and more or less, 

'alsoj upon the shape and syv5v\s\fc\x^ 

IS 3 
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whatever^ when it makes 118 yibn^ 
tions in a second, will yield a tone 
which is in unison with the lowest G 
upon our violoncellos. If any 8ono> 
rous body give twice this number, 
or 236 vibrations in a second, the 
tone will be c, an octave higher. 
If it be made to give 472 vibra- 
tions in a second, the sound will 
be an octave higher still. If the 
vibrations in a second, were \ o£ 118 
or 177> the sound yielded would be 
G, a fifth abeve the first c ; 354, 708, 
1416, &z;c. would give a series of g's, 
successively, each an octave above the 
preceding. And in like manner in« 
termediate numbers of vibrations ea« 
sily computed would yield all the 
intermediate tones and semitones in 
an octave* 

This is a most fertile subject, for 
the more complete developement of 
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ikh I must refer you to Gregory's 
uislation of Haiiy's Natural Phi*- 
ophy, and the recent works of 
ladni. and Sayart. 



I 
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CONVERSATION XV. 



Of the Winds. 

Father. You know, my dear 
children, what the wind is ? 

Charles. You told us, a few days 
ago, that you should prove it was only 
the air in motion. 

Father. I can show you in minia- 
ture, that air in motion will produce 
effects similar to those produced by a 
violent wind. 

I place this little mill under the 
receiver of the air-pump in such a 
manner, that the air, when re-enter- 
ing, may catch the vanes, I will ex^ 
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haust the air;-— now observe what 

4 

happens when the stop«cock is 
opened. 

Emma. The vanes turn round 
with an incredible velocity ; much 
swifter than ever I saw the vanes of a 
real wind-mill. But what . puts the 
air in motion^ so as to cause the 
wind ? I mean in the actual case of 
the wind. " 

1 

Father. There are, probably, many 
conspiring causes to produce the ef- 
fect. The principal one seems to be 
heat communicated by the sun. 

Charles. Does heat produce wind? 

Father. Heat you know, expands 
all bodies, consequently it rarefiea 
the air, and makes it lighter. But 
you have seen that the lighter fluids 
ascend, and thereby leave a partial 
vacuum, towards which the sur- 
rounding* heavier wr ^t^^^^> ^^8iJ^ 
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ft greater or less qimntitjr of motion, 
according to the degree of rarefac- 
tion or of heat which produces it^ 
The air of this room, by means of the 
fire, is much warmer than that in the 
passage. 

Emma. Has that in the passage a 
tendency into the parlour ? 

Father: Take this lighted wax 
taper, and hold it at the bottom (^ 
the doon 

Emma. The wind blows the flame 
violently into the room. 
• Father. Hold it now at the top 
of the door. 

* Charles. The flame rushes out- 
Wards there^ 

^' Father. This simple experiment 

deserves your attention. The heat 

of the room rarefies the air, and the 

lighter particles ascending, a partial 

'vacuum is made at the lower part of 



<he room J to supply the deficiency, 
the dense, outward air rushes it), 
'while the lighter particles a^ they . as« 
cend, produce a current at the top (tf 
the door out of the rootn. If you hold 
•the taper about the middle space, b€^ 
tween the bottoqi and top, you will 
find a part in which the flame is per- 
fectly still, having no tendency either 
inwards or outwards. 

The smoke-jack, so common in the 
chimneys of large kitchens, consistis 
of a set of vanes, something like 
those of a wind-mill or ventilator, fii^ 
ed to wheel- work, which are put in 
motion by the current of air up the 
<rhimney, produced by the heat cJf 
'the fire, and of course the ' fdrce of 
-the jack depends on the strengtii 
6t theiSre, and not upon, the qiiat^- 
tttty of itmdce^ as the ilame of iki^ 
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inacbine ' would lead you to sup- 
pose. 

Emma. Would you define the wind 
' as a current of air ? 

Father. That is a very proper 
definition : and its direction is deno- 
iK^nated from that quarter from which 
it blofKrs. 

Charles. When the wind blows 
from the north or souths do you say 
.it is in the former case a north-windi 
and in the latter a south-wind ? 

Father. We do. The winds are 
.generally considered as of three 
Jkinds independently of the names 
.which they take from the pcHUts of 
'the compass from which they blow. 
These are the constant, or those 
which always blow in the same direc- 
tion : the periodical J or those which 
blow six months in one directim* 
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and SIX in a contrary direction : and 
the variable, which appear to be sub- 
ject to no general rules. 

Emma. Is there any place where 
the wind always blows in one direction 
only ? 

Father. This happens to a very 
large part of the earth ; to all that 
extensive tract that lies between 28 
or 30 degrees north and south of the 
equator. 

Charles. What is the cause of 
this ? 

Father. If you examine the globe, 
you will see* that the apparent course 
of the sun is from east to west, and 
that it is always vertical to some pari 
of this tract of our globe ; and, since' 
the wind follows the sun, it mustj 

* It is supposed the reader is ac<\\i^vo^^^ n«v^ 
the second volumQ of the Sc\euU&<^TyiaX^%>^^*^-^ * 

VOL. IV. O 
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of necessity, blow in one direction 
constantly. 

Emma. And is that due east ? 

Father^ It is only so at the equa- 
tor : for on the north of this line the 
wind declines a little to the north 
point of the compass, and this the 
more so as the place is situated farther 
towards the north ; on the south side 
the wind will be southerly. 

Charles* The greater part of this 
tract of the globe is water ; and I 
have heard you say, that transparent 
mediums do not receive heat from the 
sun. 

■ Father. The greater part is cer- 
tainly water; but the proportion of 
l^nd is not small; almost the whole 
continent of Africa, a great part of 
Arabia, Persia, the East Indies, and 
(China, besides the whole nearly of 
New Holland, and nutoftto^^ idands 
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in the Indian and Pacific Oceans: 
and in the western hemiisphere, by 
far the greatest part of South Ame- 
rica, New Spain, arid the West India- 
islands, come within the limits of 30' 
degrees north and south of the equa- 
tor. These amazingly large tracts of 
land imbibe the heat, by which the 
surrounding air is rarefied, and thiis 
the wind becomes constdnty or blows 
in one direction. 

You will also remember, that nei- 
ther the sea nor the atmosphere is do 
perfectly transparent as to transmit 
all the rays of the solar light ; many 
are stopped in their passage, by which 
both the sea and air are warmed to ft 
considerable degree. These constant 
or general winds are usually called 
trade-winds. 

Emma. In what part of iVv^ ^'^'^i 
do the periodical winds pTWwJi'^ 

o a 
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- Father. They; prevail in several 
parts of the Eastern and Southern 
Oceans^ and evidently depend on the 
sun; for when the apparent moUon 
of that body is north of the equatori 
that is, from the end of March to the 
same period in September, the w^ind 
sets in from the south-west ; and the 
remainder of the year^ while the sun 
i^ south of the equator, the wind blows 
from the north-east. These are called 
the monsoons, or shifting trade- winds, 
and are of considerable importance to 
those who make voyages to the East 
Indies. 

Charles. Do these changes take 
place suddenly ? 

Father. No : some days before and 
after the change there are calms, vari- 
able winds, and frequently the most 
violent storms. 

On the greater v^yV. o( VVl^ci coasts 
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situated between the tropicsi the wind 
blows towards the shore in the day- 
time, and towards the sea by night. 
These winds are called sea and land 
breezes ; they are affected by moun-- 
tains^ the course of rirers, tides, &c. 

Emma. Is it the heat of the sun • 
by day that rarefies the air over the. 
land, and thus causes the wind ? 

Father. It is : the following easy 
experiment will illustrate the sub*- 
ject. 

In the middle of a large dish of 
cold water put a water-plate filled 
with hot water: the former repre- 
sents the ocean, the latter the land 
rarefying the air over it. Hold a 
lighted candle over the cold water, 
and blow it out ; the smoke, you see,^ 
moves towards the plate. Reverse the- 
cxi)eriment, by filling the outer veaia^V 
with warm water, and t\ift ^»Xfc wS^* 

O S 
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cold, the snioke will move from the 
plate to the dish. 

. Charles. In this country there is 
no regularity in the direction of the 
winds ; sometimes the easterly winds 
prevail for several days together, at 
other times I have noticed the wind 
blowing from all quarters of the com- 
pass two or three times in the same 
day. 

Father. The variableness of the 
wind in this island depends probably 
on a variety of causes ; for whatever 
destroys the equilibrium in the atmos- 
phere, produces a greater or less cur- 
rent of wind towards the place where 
the rarefaction exists. 
. It is generally believed that the 
electric fluidi which abounds in the 
air, is tlie principal cause of the vari- 
ableness of the wind here. You may 
otten see one tier oi c\Q>\da isxoviag 
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in a certain direction, and another in 
a contrary one; that is, the higher 
clouds will be moving perhaps north 
or east, while the weather-cock standi 
directly south or west. In cases of 
this kind a sudden rarefaction must, 
have taken place in the regions of one 
set of these clouds, and consequently 
the equilibrium is destroyed. This; 
phenomenon is frequently found to 
precede a thunder storm ; from which 
it has been supposed that the electric 
fluid is, in this and such like instances, 
the principal cause in producing the 
wind ; and if in the more remarkable 
appearance we are able to trace the 
operating cause, we may naturally 
infer that those which are less so, but 
of the same nature^ depend on a like 
principle. 

Emma, Violent storms mu^t \ie; 
occasioned by sudden auA. Vt^\ft^i\v^'^>iSi> 
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concussions in nature. I remember' 
to have seen once some very lai^ 
trees torn up by the wind. It is 
difficult to conceive how so thin and 
light a body can produce such dire 
effects. 

Father. The inconceivable rapidity 
of lightning will account for the sud- 
denness of any storm ; and when you 
are acquainted with what velocity a 
wind will sometimes move, you will 
not be surprised at the effects which 
it is capable of producing. 

Charles. Is there any method of 
ascertaining the velocity of the wind? 
Father. Yes ; several machines 
have been invented for the purpose. 
But Dr. Derham, by means of the 
flight of small downy feathers, con- 
trived to measure the velocity of the 
great storm which happened in the 
jrear 1 705, aixd Yi^ ioMisdi VX«X. nJca 
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wind moved 33 feet in half a second, 
that is, at the rate of 45 miles per 
hour : and it has been proved that 
the force of such a wind is equal to 
the perpendicular force of 10 pounds 
avoirdupois weight on every squarq^ 
foot. Now if you consider the sur- 
face which a large tree^ with all its 
branches and leaves, presents to the 
wind, and the great length of lever 
at which the forces act, you will not, 
be surprised, that, in great storms, 
some of them should be torn up by. 
the roots. 

Emma. Is the velocity of 45 milesi 
an hour supposed to be the greatest 
velocity of the wind ? 

Father. Dr. Derham thought the 
greatest velocity to be about 60 miles 
per hour : but we have no doubt, that 
the velocity is often considerably 
greater. J^unar^i and Gaxumxx ;^^^^ 
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earned in their respective ballodns 
the rate of 70 miles an hour ; ani 
in the time of a violent storm, 
have tables calculated to shotv 
force of the wind at all velocities : 
1 to 100 miles per hour, 

Charles. Does the force bear 
general proportion to the velocity 

Father. Yes, it does : the i 
increases as the square of the ^ 
city. 

Emma. Do you mean, that i 
a piece of board, exposed to a g 
vi^ind, there is a pressure equE 
1 pound, and the same board 
exposed to another wind of do 
velocity, the pressure will be in 
case 4 times greater than it 
before ? 

Father. That is the rule, 
following short table, selected i 

a lawget one out oi T>t% \iW\ 
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Dictionary, will fix the rule and facts 
in your memory. 

TABLE. 



Velocity of 
thcHrind, in 
miles, per 
hour. 



5 
10 
20 
40 
80 



PerpendTcalar 
force on one 
square foot in 
pottpds avoir 
dupois. 



.123 

.492 

1.968 

7.872 

31.488 



Gommen appellations of 
the Wind. 



Gentloi pleasant wind 
Brisk g^le. 
Very brisk. 
High wind. 
[A hurricane. 



Note. — Mr. Brice discovered, from observations 
on the clouds, or their shadows moving on the sur- 
face of the earth, that the velocity of wind in a 
storm was nearly 63 miles in an hour, SI miles iu 
a fresh gale, and nearly 10 miles in a breeze. 
These, however, are not very accurate estimates. 



..^ 
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CONVERSATION XVI. . 



Of the Steam-Engine, 

Father. If you understand 1 
principle of the forcing-pump, j 
will easily comprehend in what mc 
her the steam-engine, the most i 
portant of all hydrostatical machin 
acts. 

Charles. Why do you call it t 
moist important of all machines ? i1 
not a common one. 

Father. Steam-engines can 
used with advantage only in th( 
cases where great power is requir 
They are adapted to the raising 
water from ponds and wells ; to \ 
draining of mines \ wA ^\\va:^ ^ 
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out their Assistance we should not at 
this moment have the benefit of coal- 
fires. 

Emma. Then there cannot be two 
opinions entertained respecting theic 
utility. I do not know what we 
should do without them in winter, or 
even in summer, since coal is the fuel 
chiefly used in dressing our food. 

Father. Our ancestors had, a ceiw 
tury ago, excavated all the . mines* of 
coal as deep as they could be worked? 
without the assistance of this kind of 
engines. For when the miners have, 
dug a certain depth below the sur-^ 
face of the earth the water pours iw 
upon them from all sides; conse-^ 
quently they have no means of goings- 
on with their work without the as-^, 
sistance of a steam-engine, which is: 
erected by the side of the pit^ audv^ 
bek»gr kept /<;onstant\y a\i . v^Qf^« 

VOL. IV. p 
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render it dry enough §of aD praetical 
purposes. 

The steam-enguie was inveBted 
during the reign of Charles IL though 
it was not brought to a degree of per* 
fection sufficient for the draining of 
mines till nearly half a century after 
that period. 

Charles. To whom is the world 
indebted for the discovery ? 

Father. It is difficult, if not im- 
possible, to ascertain who was the 
inventor. The marquis of Worcester 
described the principle in a small woric 
entitled " A Century of Inventions," 
which was published in the year 
I66S, arid was reprinted a few years 
since in the Sd vol. of Dr. Gregory's 
Mechanics. 

Emma. Did the marquis construct 
one of these engines ? 

Father^ No ; V\i& Vm^fAXicni ^&i^«bmi 
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|p have been neglected for severtll 
years, when captain Thomas Saveryi 
after a variety of experiments, brought 
it to some degree of perfection, by 
which he was able to raise waterj 
in small quantities, to a moderate 
height. 

Charles. Did he take the inven-^ 
tion frotii the marquis of Worcester's 
book ? 

Father. Dr. Desaguliers, who, itt 
the middle of the last century, entered 
at large into the discussion, maintain^ 
that captain Savery was wholly iii-^ 
debted to the marquis, and, to con- 
ceal the piracy, he charges him with 
having piirchdsed all the bdoks which 
contained the discovery, and burned 
them. Captain Sdvery, however, de- 
clared, that he was led to the dis- 
covery by the following accldeTvt»\-^ 
^ Having drunk a fla^ ol ¥Vot%\tf8» 

P 2 
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vine at a tavern, andthrown the flask 
im the fire, he perceived that the few 
drops left in it were converted into 
steam ; this induced him to snatch it 
from the fire, and plunge its neck into 
H. bason of. water, which, by the at- 
mospheric pressure, was driven quickly 
into the bottle." 

. Emma. This was something like 
an experiment which I have often 
;ieen at the tea-table. If I pour half 
a cup of water into the saucer^ ther 
hold a piece of lighted paper in th 
cup a few seconds, and when the ci 
is pretty warm, plunge it with t 
mouth downwards into the saur 
the water almost instantly dv 
pears. 

Father. In both cases, the 
ciple is exactly the same : the 
of the burning paper conver 
Wift^r that hung about t\\^ c? 
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steam, but steam, being much lighter 
than air, expels the ait from the ctip, 
which being plunged into the water, 
the steam is quickly condensed, and 
a partial vacuum is made in the cup ; 
consequently the pressure of the at- 
mosphere upon the water in the saucer 
forces it into the cup, just in the 
same manner as the water follows the 
vacuum made in the pump. 

Charles. Is steam, Uien, used for 
the purpose of making a vacuum, in- 
stead of a piston ? 

Father. Just so : and Dr. Darwin 
ascribes to captain Savery the ho- 
nour of being the first person who 
applied it to the purpose of raising 
water : — 

Nymphs! YOU erewhile on siram'ring caldrons 

play'd, 
And caird delighted Saveux to ^o\w ^X^^ 

p3 
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Bade round the youth explosive steam aspire 
Id gathering clouds^ and ^ing'd the wave with 

fire; 
Bade with cold streams the quick expansion 

stop, 
And sunk th* immense of vapour to a drop. 
Press'd with the pond'rous air the pibton falls 
Resistless, bliding through its iron walls; 
Quick moves tlie halanc'd henm, of giant birth, 
Wiehls his large limbs, and nodding shakes the 

earth. 



Emma. I remember the lines, 
very well : will you describe the en- 
gine, that we may see how they 
apply ? 

Father. I shall endeavour to give 
you a general and correct explanation 
of the principle and mode of acting of 
one of Mr. Watt's engines, without 
entering into all the minutiae of the 
several parts. 
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A is a section of the boiler, about 
half fall of water, standing on^-c ». 
fire: B is the steam-pipe ^\w3b, ws**-*^ 



164 mtVSLATlCB. 

veyd the steam from the boiler to the 
the cylinder c, in which the pSston D, 
tnade air-tight, works up and down, 
a and c are the steam valves, through 
which the steam enters into the 
cylinder ; it is admitted through a 
when it is to force the piston down- 
wards^ and through c when it pres- 
ses it upwards, b and d are the educ- 
tion valves, through which the steam 
passes from the cylinder into the con^ 
denser e, which is a separate vessd- 
placed in a cistern of cold water and 
which has a jet of cold water con- 
tinually playing up in the inside of 
it. / is the air-pump, which extracts 
the air and water from the condenser. 
lb i$ worked by the great beam or 
lever R &, and the water taken from 
the condenser, and thrown into the hot 
well gf is pumped up again by means 
of the pump y^ aad e«ttv^dL>»Q«JELv\ito 

the boiler by tive v^v^ ^^^ )^Vs^^ 
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ther pumpy likewise worked by the 
jengine itself, which supplies the .cis- 
tfivn, in which the condenser is fixed, 
with water. 

( Charles. Are all three pumps, as 
as well as the piston, worked by the 
action of the great beam ? 

Father. They are ; and you see 
the piston-rod is fastened to the beam 
by inflexible bars ; but, that the stroke 
might be perpendicular, Mr. Watt 
invented the machinery called the 
parallel joint, the construction of 
which will be easily understood from 
the figure. 

Emma. How are the valves opened 
and shut ? 

Father. Long levers o and p are 
attaqhed to them, which are moved 
vp and down by the piston-rod of the 
air-pump ef. In order to comm^^ 
nicate a rotatory motion W «ca^ xoas" 
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chinery by the motions of the beam, 
Mr. Watt makes use of a large fly- 
wheel X, on the axis of which is a 
small concentric toothed whe^ H ; a 
similar toothed wheel i is fastened to 
a rod T coming from the end of the 
beam, so that it cannot turn on its 
axis^ but must rise and fall with the 
motion of the great beam. 

A bar of iron connects the centres 
of the. two small toothed wheels i 
when» therefore, the beam raises the 
wheel I, it must move round the 
circumference of the wheel H, and 
with it turn the fly-wheel- x; which 
will make two revolutions while the 
wheel I goes round it once. These 
are called the Sun and Planet wheels ; 
H, like the sun, turns only on its 
axis, while i revolves about it as the 
planets revolve round the sun, 
. If to the ceutie ol \Sc^ iLj-^vrhad 
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any machinery were fixed, the motion 
of the great beam RS would keep it: 
' in constai^t work. 

Charles. Will yoa describe the 
operation of the engine ? 

Father. Suppose the piston at the. 
top of the cylinder, as it is repre- 
^nted in the plate, and the lower 
part of the cylinder, filled with steam. 
By meaAs of the pump^rod e F, the 
steam valve a and the eduction valve 
d will be opened together, the branches' 
from them being connected at o. 
There being now a communication at 
i/ between the cylinder and condenser^ 
the steam is forced from the former! 
into the latter, leaving the lowest part 
of the cylinder empty, while the steam 
from the boilei' entering by the valve; 
a presses upon the piston, and forces 
it down. As soon as the pislow\va& 
arrived at the bottom, the ^\^amN^Ne 
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c and the eduction valve b 

are opened, while those at a 

and d are shut ; the steam, 

therefore, immediately rushes 

through the eduction valve 

b into the condenser, while 

tlie piston is forced up again 

by the steam, which is now admitted 

by the valve c. 

Hence, you observe, that the steam 
is condensed in a separate vessel, for 
the purpose of forming a vacuum under 
the piston ; the force of steam is also 
introduced above the piston to depress 
it, an operation that was formerly done 
by the pressure of the atmosphere. 

Meditate upon what we have now 
said, and ere long, I hope, we shall 
be able to pursue the subject. 
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CONVERSATION XVII. 



Of the Steam Engine. 



\ 



Charles. I do not understand 
how the two sets of valves. act, which* 
you described yesterday^ as the. steam r 
and eduction valves. ^ 

Father. If you look to the last: 
%ure9 there is a different view of 
this part of the machine* unconnected: 
with the rest: s is part of the. pipe 
which brings the steam from the 
boiler,- a represents the valve, which,; 
being opened, admits the steam into 
the upper p^t of the cylinder, forcing, 
down the piston. r 

Err^ma. Is not the valve ^^ o^ew^d^, 
at the samp time ? 

VOL. IV. Q, 
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Father. It is : and then the st 
which was under the piston is fo 
through into the condenser €• W 
the piston arrives at the bottom^ 
other pair of valves are opened, 
c and b ; through c the steam ru: 
to raise the piston, and throug! 
the steam, which pressed the pi 
down before, is driven out into 
pipe r, leading to the condenser 
this there is a jet of cold water < 
stantly playing up, and thereby 
steam is instantly reduced into 
state of hot water. 

Charles. Then the condense 
(see the figure at p. 163) will i 
be full of water. 

Father. It would if it were 
connected by the pipe x with 
pump f: and every time the g 
beam rs is brought down, 
plunger, at the YioUom cJi Wm^ \Aa 
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rod EF^ descends to the bottom of 
the pump* 

Emma. Is there a vake in the 
plunger ? 

Father* Yes, which opens up- 
wards; conseqoentlfy all the hoi 
water which runs out of the condensev 
into the pump will escape tbrougii 
the Take, and be at the top of tfa6 
plunger, and the Take not adtnittiitg 
it to return, it will, by the asceni cf 
the piston-rod into the situatiM 
shown in the plate, be driven through 
n into gf the cistern of hot water^ 
from whicby owing to a talrei it Oad« 
not return. 

Charles. And I see the same mo- 
tion of the great beam puts the pump 
y in action, and brings over the hot 
water from the cistern ^, through the 
pipe t i into the little cisteru V^ ^Yosda 
mippUei thth(Mi». 

q2 
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. Emma. If the pump k bring! 
by the same motion, the water i 
the well Wf do not the hot and • 
water intermix? 

. Father. No: if you look c 
fully in the figure, you will obai 
a strong partition v,. which separ 
the one from the other. Besides, 
may perceive that the hot water i 
not stand at so high a level as 
cold, which is a sufficient proof ' 
they do not communicate. Inc 
the operation of the engine would 
greatly injured, if not wholly stop] 
if the hot water communicated i 
the cold ; as in that case the wf 
being at a medium heat, would 
too warm to condense the steam i 
and too cold to be admitted into 
boiler without checking the pnx 
tion of the steam. 
C harks. TYvetes w^ wwl^ \(w< 



tIlJe dppdratfis betotvging to the boiled 
which you hdve not yet explainedi 
What iei the reason that the pipe ^4 
which conveys the water from tte 
cistern v to the boiler, is turned up 
at the lower end ? 

Father. If it were not bent in 
that manner, the steam that is gene* 
rated at the bottom of the boiler 
would rise into the pipe, and in a 
great measure prevent the descent of 
the water through it. 

Emma. In this position I see 
clearly no steam can enter the pipe, 
because steam,^ being much lighter 
than water, must rise to the sarfacey 
and cannot possibly sink through the 
bended part of the tube. What does 
^ represent. 

Father. It represents a stone sus^ 
pen ded on a wire, which is showw Vs^ 

the dotted lioe : this ^touf^ \& "g^^"^ 

q3 



174 PNEUMATICS. 

batanced by means of a lever^ to the 
other end of which is another wire» 
connected with a valve at the top of 
the pipe q^ that goes down from the 
cistern. 

Charles. Is the stone so balanced 
as to keep the valve sufficiently 
open to admit a proper quantity of 
water ? 

Father. It is represented by the 
figure in that situation. By a prin- 
ciple in hydrositatics,* with which 
you are acquainted, the stone is 
partly supported by the water; if 
then, by increasing the fire, too great 
^n evaporation take place, and the 
water in the boiler sink below its 
proper level, tbe stone also must sink, 
which will cause the valve to open 
wider, and let that from the cistern 

.' Sco Vol. IlL on ll^OLio^UUCAtCAyBc^m^'SX. . 



come in faster. If, oh the other hand, 
the evaporation be less than it ought 
to be, the water will have a tendency 
to rise in the boiler; and with that 
the stone must rise, and the valve 
will, consequently, let the water ia 
with less velocity. By this neat con- 
trivance, the water in the boiler is 
always kept at one level. 

Emma^ What are the pipes t and 
w for ? 

Father. They are seldom used, 
but are intended to show the exact 
height of the water in the boiler.. 
The one at t reaches very nearly toe 
the surface of the water when it is at 
the proper height : that at u enters a 
little below the surface. If theu the 
water be at its proper height, and 
the cock3 t and u be. opened, steam 
will issue from the former^ ^\v4l. 

wflter &om the latter^ Tiut \i. /Osast 
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Uraler be too high, it will rn^h* oM 
at t instead of steam ; if too low, the 
steam will issue out of u in^ad <si 
Water^ 

^ Charles. Suppose things to be as 
represented in the plate, why will 
the water rush out of the cock u if it 
be opened ? it will not rise above iU 
level. 

Father. True: but you forget 
that there is a constant pressure df 
the steam on the surface of the water 
in the boiler which tends to rmse 
the water in the pipe w. This pres- 
sure would force the water through 
the pipe, as in an artificial fountain. 
See Conversation VIII. 

Emma. You said captain Savery 
was the inventor of the dteam-'engine. 

Father. His invention went 

merely to raising water from pits and 

Mib^Sr But| it\ ite i^^^^V Vssz^v« 
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ed state, the steam-engine is applied 
to a thousand useful and important 
purposes. 

Note — In the next conversation will be given 
an account of several purposes to which the steam* 
engine is applied. But perhaps one of the mo&t 
Striking exhibitions of the wonderful effects of this 
inacbine is to be seen in that -part of the Ports- 
mouth dock-yard in which the blocks for ships are 
made. These blocks are completely finished from 
the rongh timber^ with scarcely any manual labour, 
by means of different saws and other tools worked 
by the steam-engine. 
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CONVERSATION XVIIL 



Of the Steam-Engine, and Papin*s 

Digester. 

Charles. We have seeii the struc- 
ture of the steam-engine and its mode 
of operation ; but you have not told 
us the uses to which it is applied. 

Father. The application of this 
power was at first wholly devoted to 
the raising of water^ either from the 
mines, which could not be worked 
without such aid ; or to the throwing 
it to some immense reservoir, for the 
purpose of supplying, with this use- 
ful article, places which are higher 
than the natural level of the stream. 
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Emma. Is it to this that Dr«f 
Darwin alludes in. the lines. 

Here high in air the rising steam he pours 
To clay-built cisterns, or to lead-lin'd towers ; 
Fresh through a thousand pipes the wave distils^ 
And thirsty cities drink the exuberant rills. 

• 

Father. It is; and you might, 
h^ve repeated the whole passage, in 
which the steana-engine, represented 
as ^ giant-power, is supposed appli- 
cable to the bringing up of the 
coals, and other ore from the mine^ 
and to the working of the bellows 
at the furnace, in which the ore is 
melted : — 

Fan the white flame^ and fuse the sparkling ore* 

The author refers also to the applica- 
tion of this engine to various other 
purposes, such as the working of 
mills^ the threshing cf cqtx\> «&& 
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coining. In making the copper 
money now in use, the late ingeni- 
ous Mr. Boulton contrived, by a 
single operation of the steam engine, 
to roll the copper out to a proper 
thickness, to cut it into circular 
pieces, and to make the faces and the 
edge. 

Charles. How is the power of 
these engines estimated ? 

Father. The power varies accord- 
ing to the size. That at Messrs. 
Whitbread*s brewhouse, to which I 
have had access, has a cylinder 24 
inches in diameter, and will perform 
the work of 24 horses, working night 
and day^ 

Emma. But the horses cannot 
work incessantly. 

Father. They will work only eight 
hours, at the average, out of the 24; 
therefore, since l\\e eti^xv^ ^a kept 
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continually at work, it will perform 
the business of 72 horses. The coals 
consumed by this engine are about 7 
chaldrons per week, or 1 chaldron in 
24 hours. 

By this application of different ma- 
chinery to this engine, it raises the 
malt into the upper warehouses, and 
grinds it; it pumps the wort from 
the under-backs into the copper; 
raises the wort into the coolers; it 
fills the barrels when the beer is 
made ; and, when the barrels are full 
and properly bunged, they are, by 
the steam-engine, driven into thQ 
store-houses in the next street, a 
distance of more than a hundred 
yards, and let down into the cellar. 

Charles. I do not wonder, then, 
that Dr. Darwin should anticipate 
the still farther extension of this use^-^ 
ful power :— 

VOL. ly, U 



182 PNEUMATICS. 

SooQ shall thy arniy untonquerd steam f tS 
Drag the slow harge^ or drive the rapid oa 
Or on wide waving wings expanded bear 
The flying chariot through the fields of air* 
Fair crews triumphant^ leaning from above 
Shall wave their flattVing kerchiefs as 

move, 
Or warrior-bands alarm the gaping crowd, 
And armies shrink beneath the shadowy clc 

Emma. Why does Dr. Dai 
in the passage you quoted the c 
day, called it explosive steam ? 

Father. From a great varie 
accidents that have happened thn 
careless people, it appears that 
expansive force of steam; sudc 
raised, is much stronger than 
that of gunpowder. At the cai 
foundery in Moorfields, some j 
ago, hot metal was poured h 
mould that accidentally contain 
ismall quantity of water, which 
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caused an explosion that bkw the 
foundery to pieces. A similar ac- 
cident happened at a foundery in 
Newcastle, which occurred from a 
little water having insinuated itsdf 
into a hollow brass ball that waa 
thrown into the noelting pot. 

Charles. These facts bring to my 
mind a circumstance that I have often 
heard you relate, as coming within 
your knowledge. 

Father. You do well to remind 
me of it. The fact is worth record- 
ing. A nobleman who was carrying 
on a long series of experiments, 
wished to ascertain the strength of a 
copper vessel, and gave orders to his 
workmen for the purpose. The ves^ 
sel, however, burst unexpectedlyt 
and in the explosion, it beat down 
the brick wall of the building in which 
it was placed, and was^ Vj ^^ 

B 2 
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force of the steam, carried 15 or 20 
yards from it ; several of the bricks 
were thrown 70 yards from the spot ; 
a leaden pipe, suspended from an 
adjoining building, was bent into a 
right angle ; and several of the men 
were so dreadfully bruised, or scald- 
ed, that for many weeks they were 
unable to stir from their beds. A 
very intelligent person, one of the 
sufferers, who conducted the experi- 
ment, assured me, that he had not 
the smallest recollection how the ac- 
cident happened, or by what means 
he got to his bed-room after the ex- 
plosion. 

Emma. Is it by the force of steam 
that bones are dissolved in Papin's 
Digester, which you promised to de- 
scribe ? * 

* See Vol. I. 0{ lA«cV\\mki> Oy^er. III. 
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Father. No ; that operation is per- 
formed by the great 
heat produced in the 
digester. This is a 
representation of one 
of these machines. It 
is a strong metal pot, 
at least an inch thick in evexy part ; 
the top is screwed down, so that no 
steam can escape but through the 
valve V. 

Charles. What kind of a valve is 
it? 

Father. It is a conical piece of 
brass, made to fit very accurately, 
but easily moveable by the steam of 
the water when it boils : consequent- 
ly, in its simple state, the heat of the 
water will never be much greater 
than that of boiling water in an open 
vessel. A steel-yard is therefore fit- 
ted to it, and, by movuvg VJwi \^^\^c^. 

K 3 
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W backwards or forwards the steam 
will have a lesser or greater pressure 
to overcome.. 

Emma. Is the heat increased by 
confining the steam ? 

Father. Yon have seen, that, in 
an exhausted receiver, water not near 
so hot as the boiling point, will have 
ievery appearance of ebullition. It is 
the pressure of the atmosphere that 
causes the heat of boiling water to be 
greater in an open vessel, than in one 
from which the air is exhausted. In 
a vessel exposed to condensed air, the 
heat required to make the water boil 
would be still greater. Now, by con- 
fining the steam, the pressure may be 
increased to any given degree. If, for 
instance, a force equal to 14 or 15 
pounds be put on the valve, the pres- 
sure upon the water will be double 
that produced by lUe atmo^^here, and 
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of course the heat of the water will 
be greatly increased. 

Charles. Is there no danger to be 
apprehended from the bursting of the 
vessel ? 

Father. If care be taken so as 
not to load this valve too much, 
the danger is not very great. But 
in experimHsnts made to ascertain 
the strength of any particular vessel, 
the utmost precaution must be taken. 

Under the direction of Mr. Papin, 
the original inventor, the bottom of 
a digester was torn off with a won- 
derful explosion : the blast of the 
expanded water blew all the coals 
out of the fire-place, the remainder 
of the vessel was hurled across the 
room, and striking the leaf of an 
oaken table an inch thick, broke it in 
pieces. The least sign of water could 
not be discerned, and everj cq^^^a 
extinguished in a mouv^tvt. 
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CONVERSATION XI3^ 



Of the Barometer. 

Father. As these Conversations 
are intended to make you familiar 
with all those philosophical instru- 
ments that are in common use, as 
well as to explain the use and struc- 
ture of those devoted to the teach- 
ing of science, I shall proceed with 
an account of the barometer, which, 
with the thermometer, is to be 
found in almost every house, occu- 
pied by persons in the middle classes 
of society. I will show you how 
the barometer is made, without any 
i^g'ard to the fvaiue to which it b at- 
tached. 
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. A B is a gldss tube^ about 
33 or 34 Inches long, closed 
at top ; that is^ in philosophi- 
cal language, hermetically 
sealed ; d is a cup, bason, or 
wooden trough, partly filled 
with quicksilver. I fill the 
tube with the quicksilver, and 
then put my finger upon the mouth, 
so as to prevent any of it from run- 
ning out ; I now invert the tube, and 
plunge it in the cup D. You see the 
mercury subsides three or four inches ; 
and when the tube is fixed to a gra- 
duated frame, it is called a barometer^ 
or weather-glass, and you know it is 
consulted by those who study and at- 
tend to the changes of the weather. 

Emma. Why does not all the 
quicksilver run out of the tube ? 

Father. I will answer you, by- 
asking another questioxv ; \«J\vdX. Sa ^^ 
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reason that water will stand in an 
exhausted tube,^ provided the mouth 
of it be plunged into a vessel of the 
same fluid ? 

Charles. In that case the water is 
kept in the tube by the pressure of the 
atmosphere on the surface of the 
water into which it is plunged. If 
you resort to the same principle, in 
the present instance, why does the 
water stand 33 or 34 feet^ but the 
mercury only 29 or 30 inches ? 

Father. Do you not recollect thai 
mercury is 14 times heavier thap wa- 
ter ? therefore, if the pressure of the, 
atmosphere will balance 34 feet of 
water, it ought, on the same princi- 
ple, to balance only a 14th part of 
that height of mercury : now divide 
34 feet, or 408 inches, by 14. 

Emma. The quotient is little more 
than 2d inches. 
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Father. By this method Torricelli 
was led to construct the barotteter. 

Jt had been accidentally discovered 
that water could not be raised move 
than about 31 feet in the pump. 
Torricelli, on this, suspected that tlie 
pressure of the atmosphere was the 
cause of the ascent of water in the 
vacuum made in pumps, and that a 
column of water 34 feet high was an 
exact counterpoise to a column of air 
which extended to the top of the at*- 
mosphere. Experiments soon •con- 
firmed the truth of his conjectures. 
He then thought, that, if 34 feet of 
water were a counterpoise to the 
pressure of the atmosphere, a column 
of mercury, as much shorter than 34 
feet as mercury is heavier than water> 
would likewise sustain the pressure of 
the atmosphere : he obtained a ^la.%^ 
tube for the purpose, auA ioxxxA'^Kv^ 
rcMoning }nslt0 
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Charles. Did he apply it to 
purpose«of a weather-glass ? 

Father. No : it was not till m 
time after this that the pressure of 
air was known to vary at diffi» 
times in the same place. As sooi 
that was discovered, the applical 
of the Torricellian tube to predict 
the changes of the weather immedii 
1; succeeded. 

Charles. A barometer, then 
an instrument used, for measui 
the treight or pressure of the at 
sphere. 

Father. That is the principal 
of the barometer : if the air be da 
the mercury . rises in the tube, j 
indicates fair weather : if it becc 
light, the mercury falls, and presa 
win, snow, &c.* 

The height of the mercury in 

* See the rulei at the end of the volume* 
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fube IS called the standard altitude 
which in stations of moderate height 
in this country fluctuates between 28 
and 31 inches, and the difference be- 
•tween the greatest and least altitudes 
is called the scale of variation. 

Emma. Is the fluctuation of the 
mercury different in other parts of 
the world? 

Father. Within and near the tro- 
pics, there is little or no variation in 
the height of the mercury in the ba- 
rometer in all weathers : this is the 
case at St. Helena. At Jamaica the 
variation very rarely exceeds three- 
tenths of an inch : at Naples it is 
about one inch : whereas in England 
it is nearly three inches, and at 
Petersburgh it is as much • as 34- 
inch es. 

• Charles. The scale of variation is 
the silvered plate, which is divided 

VOL. !¥• s 
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into inches and tenths of an in 
but what do you call the morei 
index ? 

Father. It Is called a vcrw 
from the inventor's name, and 
use of it is to show the fluctuatioi 
the mercury to the hundredth ] 
of an inch. The scale of inche 
placed on the right side of the bi 
meter tube, the beginninjj of 
scale being the surface of the r 
Gury in the basin: the vernier p 
and index are moveable, so that 
index may, at any time, be set 
the upper surface of the columt 
mercury. 

Emmu. I have often seen 
move the index, but I am still 
loss to* conceive how you divide 
inch into hundredth parts by it. 

Father. The barometer-pl^t 
into tenting; the length dl 



vernier is eleven tenthsi, tnit ifivided 

into ten equal parts. 

Charles. Then each of the ten 
parts is equal to a tenth of an incb» 
and a tenth part of a tenth* 

Father. True : but the tenth part 
of a tenth is equal to a hundredth, 
part, for you remember that to divide 
a fraction by any number is to muU 
tiply the denominator of the fraction 
by the number, thus -^ divided by 
10 =: T-^. 

Suppose the index of the vei^nier 
to coincide exactly with one of ther 
divisions of the scale of variation^ a^ 
29.3. 

JEmnui. Then there is no diflSqul- 
ty ; the height of the barometer isi 
said to be 29 inches and 3 tenths. 

Father. Perhaps, in the course o£ 
a feur hours, you observe that the 

s 2 
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mercury has risen a very little^ what 
will you cio ? 

Emma. I will raise the vernier 
even with the mercury. 

Father. And you find the index 
so much higher than the division 3 
on the scale as to bring the figure 1 
on the vernier even with the second 
tenth on the scale. 

Emma. Then the whole height is 
29 iifches 2 tenths^ and one of the 
divisions on the vernier ; which is 
equal to a tenth and a hundredth; 
that is, the height of the mercury is 
29 inches^ 3 tenths, and 1 hundredth 
or 29.31. 

Father. If figure 2 on the vernier 
stand even with a division on the 
scale, how should you call the height 
of the mercury ? 

Emma. Besides the number of 
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tenths^ I must add 2 hundredths, be- 
cause each division of the vernier 
contains a tenth and a hundredth: 
therefore I say the barometer stands 
at 39.33 : that is, 29 inches, 3 tenths, 
and 2 hundredths. 

Father. Here is a 
representation a B of 
the upper part of a ba- 
rometer tube ; the up- 
per surface of the quick- 
silver stands between a 
and c : from z to x is 
part of the scale of variation : 1 to 10 
is the vernier, equal in length to -fi-ths 
of an inch, but divided into 10 equal 
parts. In the present position of the 
mercury, the figure 1 on the vernier 
coincides exactly with 29.5 on the 
scale : and finding the index stand 
between the 6th and 7th divisions on 
the scale, I therefore reaOi \\\^ \v€\^cn\. 
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s 3 






198 PNEUMATICS. 

S9. 61 ; that is, 29 inches, 6 tenths, 
and 1 hundredth. 

Charles. I now • understand the 
principle of the barometer, but I want 
a guide to teach me how to predict 
the changes of the weather, which 
the rising and falling of the mercury 
presage. 

Father. I will give you rules for 
this purpose in a few days,* Before 
we meet again, you may commit to 
your memory some lines beautifully 
descriptive of this instrument, and 
which include a just compliment to 
the memory of Torricelli and Boyle 
both of whom are celebrated for their 
discoveries in this part of science : — 

You charm'd, indulgent Svlphs ! their learned toil, 
And crown'd with fame your Torricell ana 

Botle; 
Taught with sweet smiles^ responsive to their pray r, 
The spring and pressure of the viewless air: 

* See the eud oC \\\« nq\^\su&« 
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— How up exhausted tubes bright currents flow. 
Of liquid silver from the lake below ; 
Weigh the long column of th' incumbent skies^ 
And with tlie changeful moment fall and rise. 

Botanic Gardek. 
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CONVERSATION XX. 



Of the 'Barometer^ and its application 
• to the measuring of Altitudes. 

Charles. In those lines you 
gave us to learn. Dr. Darwia says, 
" Weigh the long column of the in- 
cumbent skies:" is the height of the 
atmosphere known ? 

Father. If the fluid air were simi- 
lar to water, that is, every where of 
the same density, nothing would be 
easier than to calculate its height. — 
When the barometer stands at 30 
inches, the specific gravity of the 
atmosphere is 800 times less than 
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that of water ;* but mercury is about 
14 times heavier than water, conse- 
quently the specific gravity of mer- 
cury is to that of air as 800 multiplied 
by 14 is to 1 ; or mercury is ll,SpO 
times heavier than air. In the case 
before us, a column of mercury, 30 
inches long, balances the whole 
weight of the atmosphere ; therefore, 
if th^ air were equally dense at all 
heights to the top, its heiight must 
be 11,200 times 30 inches ; that is, 
the column of air must be as much 
longer than that of the mercury, as 
the former is lighter than the latter. 
Do you understand me ? 

Charles. I think I do: 11,200 
multiplied by 30 give 336,000 in- 
ches, which are equal to 5\ miles 
nearly. 

* Se« Conversation VI, oi \u\us^i^vx>®»« 
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Father n That would be the hft 
of the atBdoaphere if it were equ 
denae in all parts: but it is fe 
that the air by its elastic qua 
expands and contracts, and thai 
34 miles above the surface of 
earth it is twice as rare as it is at 
surface ; that at 7 miles it is 4 ti 
rarer; at IO4- miles it is 8 ti 
rarer; at 14 miles it is 16 tii 
rarer; and so on, according to 
ibIlowiDg* 
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Now, if you were disposed to carry- 
cm the addition on one side, and the 
multiplication on the other^you would 
fifid that, at 500 miles above the suf- 
Face of the earthy a singla cuUcal 
Inch of such air as we breathe, would 
be so much rarified as to fill a hollow 
j^here, equal in diameter to the vast 
orbit of the planet Saturn. 

Emma* It is inferred from this 
ttflat the atmosphere does not reach 
to any very great height ? 

Father, Certainly; for you have 
seen that a quart of air at the earth*s 
lurface weighs but about 14 or 15 
^^ins ; and by carrying on the above 
table a few steps, you would perceive, 
that the same quantity, only 49 miles 
high, would weigh less than the 16 
thousandth part of 14 grains, conse- 
i|uently at that height its dendt'^ 
QDust be next to notbvag. ^t^\sv ^^• 
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rally admitted^ that the atmosphere 
at the height of more than 45 or 50 
miles above the earth's surface, is not 
sufficiently dense to refract the rays 
of light ; and that, in popular language, 
.is usually denominated the height of 
the atmosphere. 

Charles. By comparing the state 
of the atmosphere at the bottom and 
at .the top of a mountain, should you 
perceive a sensible difference ? 

Fathe7\ We must not trust to our 
feelings on such occasions. The ba- 
rometer will be a sure guide* I wilt 
not trouble you with calculations, 
but mention two or three facts, w.itb 
the conclusions to be drawn from 
.them. In ascending the Puy de 
Dome, a very high mountain in 
France, the quicksilver fell 34. in- 
ches ; and the height of the mountain 
fvas found, by measuvem^wt^ to be 
SS04k ke%. By a svicAns ^^\i^twygii^\. 
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Upon Snowdeo^ ia Wales, the quick- 
silver was found to have fallen 3-^- 
inchcis at the height of 3720 feet above 
the surface of the earth. 

From these and many other obser- 
vations it is inferred, that in ascend- 
ing any lofty eminence, the mercury 
in the barometer will fall -xV ^f ^" 
inph for every 100 feet of perpendi- 
cular ascent. This number is not 
rigidly exact, but sufficiently so for 
common purposes^ and it will be 
easily remembered. The three fol- 
lowing observations were taken by 
Dr. Nettleton near the town of 
Halifax : — 



perpendicu- Lowest sfa- 
lar aUltsde tion of the 
ifl feet. Barometer. 


Highest sta- 
tion of the Difference. 
Barometer. 


102 29.78 


29.66 


0.12 


236 29.50 


29.23 


0.27 


507 30.00 


2dA5 


(^.^^ 


vol/iv. 


T 





SOS rasxmAindi. ' 

Emma. If I ascend a hig 
and, taking a barometer with ti 
the mercury has fallen 14^ ind 
I not conclude that the hill ii 
fiset perpendicular height ? 

Father. No: that numbe 
large ; as you will find by em] 
this approximating rule : As t 
of the heights of the haromet 
bimnst to their difference ; 
55,000, to the height 7'equired 
Now, suppose the heights 
mercury at the bottom and 1 
of the mountain respectively t< 
and 284- inches : it would be, 
to 14» so are 55000, to the 
term, 1410 feet : and that w< 
the height nearly, if the therm 
stood at about 55 degrees. 
a small correction would be 
sary. 

Let me now ask you, vc^^o' 
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m^ great a pressure you are contU 
lually sustainiQg ? 

. Emma. No ; it never occurred to 
lie to speculate upon that. I feel no 
burden from it, therefore it cannot 
le very great. 

Father. You sustain every mo- 
bent a weight equal to many tons, 
Brhichs if it were not balanced by the 
Jastic force of the air within the 
lody would crush you to pieces ; this 
$ well described by Mr. Loffl. 

, . Jh/emo/balaDciog external force, 
Bemove the external, and, to atoms torn. 
Oar (ii'ssipated limbs would strew the earth : 
Itemove the iuternal, in a moment crush'd 

-' B)r greater weight of the incumbent air, 
Than rockg by fabled giants ever thrown. 

EuoosiA. 

4 

Charles. We might indeed have 
nferred that it was considerable from 
be sensations that we felt when the 
ix was takra from uudex o^t V%xA^< 

T a 
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But hoWy.sir^ do you make out til 
assertion ? 

Father. When the baromeb 
stands at 29*5 the pressure of the i 
upon every square inch is more ths 
equal to 14 pounds; call it 14 poum 
&r the sake of even numbers, ai 
the surface of a middle-sized man 
144- f?6t ; tell me novr the weight 1 
sustains. 

Charles. I must multiply 14 I 
the number of square inches in li 
feet : now there are 144 inches in 
square foot, consequently in 14^ fc 
there are 2088 square inches ; thei 
fore 14 pounds multiplied by 20< 
will give 29,232, the number 
pounds- weight pressing upon such 
person. 

Father. That is equal to ab 
13 tons; now, if Emma reckons 1 
9el£ half only lYie m*& ^i v^ovra.p 
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8Qn« the pressure upon her will be 
equal to 6^ tons. 

Emma. What must the pressure 
upon the whole earth be ? 

FcUher. This you may calculate 
at your leisure; I will /urnish you 
with the rule. 

" Find the diameter of the earth,* 
from which you will easily get the 
superficial measure in square inches, 
and this you must multiply by 14, 
and you get the answer to the ques- 
tion in pounds avoirdupois." 

The earth^s surface contains 
about 200,000,000 square miles, 
and as every square mile contains 
27,876,400 square feet, there must 
be 5,575,280,000,000,000 square feet 
in the earth's surface, which number 
multiplied by the pressure on each 

* See Vol. II, Conversation VVl,li^QX.^,^-'l^- 

T 3 
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• .. 



square foot gives the whole weight of 
the atmosphere. 

Charles. This is truly enormous ! 

Father. But the pressure being 
equal, in all possible directions^ it 
has no effect in disturbing either the 
annual or diurnal motion of the earth. 



THE THERMOMETER. 211 



CONVERSATION XXL 



Of the Thermometer. 

jFather. As the barometer is 
intended to measure the different de« 
grees of density of the atmosphere, 
so the thermometer is designed to 
mark the changes in its temperature, 
with regard to heat and cold. 

Emma. Is there any difference 
between the thermometer that is at- 
tached to the barometer, and that 
which hangs out of doors ? 

Father. No ; they are both made 
by the same person, and are intended 
to show the same effects. But for 
the purposes of accurate observation^ 
it is usual to have tv^o \\vsVx\i\«v^TvV»> 
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one attached to, or near the ba 
meter, and the other out of dcM 
to which neither the direct nor 
fleeted rays of the sun should c 
come. Though my thermomei 
are both of the same construct! 
and such as are principally used 
this country, yet there are otl 
made, of different materials and u 
different principles. 

Charles. Does not this then 
meter consist of mercury enclosed 
'a glass tube which is fixed to a { 
duated frame ? 

Father. That is the construe 
of Fahrenheit's thermometer : 
when these instruments were first 
vented about QOO years ago, 
water, spirits of wine, and then 
were made use of; but these I: 
given way to quicksilver, whicl 
considered as Ihe best oC all the flu 
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being highly susceptible of expansion 
and contraction, and capable of ex« 
hibiting a more extensive scale of 
heat. Fahrenheit's thermometer is 
chiefly used in Great Britain, and 
Keaumur's and the Centigrade ther« 
mometer, on the Continent. 

Emma. Is not this the principle 
of the thermometer, that the quick* 
silver expands by heat and contracts 
by cold ? 

Father. It is : place your thumb, 
on the bulb of the thermometer. 

Emma. The quicksilver gradually 
rises. 

Father. And it will continue to 
rise till the mercury and your thumb 
are of equal heat. Now you have 
taken away your hand, you perceive 
the mercury is falling nearly as fast 
as it rose. 

Charles. WiU it co\xi<^ ^w^\i \»^ 
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the point at which it stood besfive 
Emma touched it ? 

Father. It wilL unless, in this 
^ort space of time, there has been 
any change in the surrounding air. 
Thus the thermometer indicates the 
temperature of the air, or, in fact, of 
any body with which it is in contact. 
Just now it was in contact with your 
thumb, and it rose in the space of a 
minute or two from 56° to 62"* ; had 
you held it longer on it the mercury 
, would have risen still higher. It is 
now falling. Plunge it into boiling 
water,* and you will find that the 
mercury rises to 212^ Afterwards you 
may, when it is cool, place it in ice in 
its melting state, and it will fall to 32^. 
Emma. Why are these particular 
numbers pitched on ? 

* This should be done very gradoaDyy by boM« 
iog it Bouie time in tV\e %u«im|to ^eveat iti l>riak« 
ing by the sudden beat. 
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Father. You will' not perhaps be 
satisfied if I tell you^ that the only 
reason why 212 was fixed on to mark 
the heat of boiling water, and d& 
that to show the freezing point, was, 
because it so pleased M. Fahrenheit: 
this, however, was the case. 

Charles. I can easily conceivE 
that at the same degree of cold, 
water will always begin to freeze 5 
but surely there are different degrecB 
of heat in boiling water, and there- 
fore it should seem strange to bat^ 
only one number for it. 

Father. In an open vessel, bcSl- 
ing water is always of the same heat, 
that is, provided the density of the 
atmosphere be the same : and though 
you increase your fire in a tenfold 
proportion, yet the water will never 
be a single degree hotter; for \ici^ 
stiperal^undant heat, couivsixxxkYCdX^ 
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to the water> flies off, in the 81 
steam or vapour. 

Emma* But suppose you i 
the steam. 

Father. Before I should ai 
this I must be provided with a 
vessel, or, as you have seen und 
article of the steam engine, it 
certainly burst. But in a vessc 
per for the purpose, water has 
made so hot as to melt solid lead 
Charles. Will you explain th 
struction of the thermometer ? 
Father* ab represents a 
glass tube, the end a is blown 
into a bulb, and this, with a 
part of the tube, is filled with 
mercury. In good thermo- 
meters, the upper part of the 
tube approaches to a perfect 
vacuum, and of course the end 
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B is hermetically sealed. If the tube 
be now placed ia pounded ice^ the 
mercury will sink to a certain point o^^ 
which must be marked on the tube^ 
and on the scale opposite to this point 
B9r imist be placed, which is called the 
freezing point. Then let it be im- 
mersed in boiling water, the mercury 
will rise, and, after a few minutes^ 
become statipnary. Against that point 
make another mark, and write on the 
scale 212 for the heat of boiling water. 
Between these points let the scale be 
divided into 180 equal parts. 

Emma. Why 180 parts ? 

Father. Because you begin frona 
32, and if you subtract that number 
from 21 2, the remainder will be 180. 
Ako, below 32, and above 212, set 
off more divisions on the scale, equal 
to the others. The scale is fini&bsiKk 
when you have written CLg|i»xisX. ^ eac 

VOL. IV, ' u 



trtmt toli^ agamat 9% freezing pom 
against 55 temperate heat^ agaiost 1 
summer heat 9 agaiDst 9S blood hu 
against llS/h^er heat^ agakist 17 
spintsboUfVLTiAvtgmt&i ^IZvHiter boU 

Enmia. You said the stale was 1 
be divided higher than bdling wate 
tmt without mendomog the extent. 

Father* The utmost extent of th 
fhercurial thennometer, both wajt 
are the points at which qaicksOvc 
boils and freezes ; beyond these it cai 
be no guide ! now the degree of hea 
at which mercury bci3s is 600» and i 
freezes when it is brought down a 
low as 39^ or 4<f bcfewO; oonse 
quently the whole extent of the mer 
eorial thermometer is about 640 de 
girecs, agreeaUy to this drrision.* 

* Tb«Freiidi divide the spacelicftweeii die fnm 
iif sad boiling points of water into 100 eiptt 
aKmiom; aAdci^ibfe»itxQaifliititlHi8 00iiptnicte( 
dbe c^ii<%rodribennoi&A\»Y« 
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Charks. Is the cold ever so intense 
as to cause the mercury to sink 40^^ 
below the freezing pcnnt? 

Father. Not in this country ; but 
it is in some parts of Lapland and 
Siberia ; and even here artificial cold 
may be produced equal to thisr. 
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CONVERSATION XXII. 



Of the Thermometer. 

Charles. Is quicksilver, when 
frozen, a solid metal, like iron and 
other metals ? 

Father. It is thus far similar to 
them^ that it is malleable, or will bear 
hammering. And when quicksilver 
boils, it goes off in vapour like boiUng 
water, only much slower. Hence it 
has been inferred, that all bodies in 
nature are capable of existing either 
in a solid, Jluid, or aeriform state, 
according to the degree of heat to 
which they are exposed. 

Emma. I understand that water 
may be either soUd> a& ke^ or in its 
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Buid natural state^ or in fi state of 
rapour ox steam. 

Father. I do not wonder that yoi| 
[»11 the fluid state of water its natural 
state, because we are accustomed, ia . 
^neral, to see it so ; and when it i$ 
^zen to ice, there appears to us, in 
;his country, a violence committed 
ipon nature. But if a person from 
he West or East Indies, who had 
lever seen the effects of firost, werfe 
;o arrive in Great Britain during a 
severe and long continued one, such 
IS formerly congealed the surface of 
he Thames, unless he were told to 
he contrary, he would conclude that 
oe was some mineral, and naturally 
lolid. 

Emma. Does it never freeze in th6 
Sast or West Indies ? 

Father. It seldom freezes^ unless 
in very elevated situaWow^^ 

u 3 
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degrees of the equator north and soi 
it scarcely ever hails in latitu 
h%her than 60^. In our own clim 
aild indeed in all others between 
and 60% it rarely freezes till the si 
meridian altitude is less than 40 
grees. The coldest part of the 
hours is generally about an hour 
fore sun rise> and the warmest par 
the day is usually between two ; 
four o'clock in the afternoon. 

Charles. Are there no degrees 
heat higher than that of boiling n 
cury ? 

Father. Yes, a great many: bi 
will not melt till it is heated more tl 
six times hotter than boiling merci 
and to melt cast iron requires a I 
more than six times greater than t 

Emma. By what kind of then 
meter are these degrees of heat n 
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Father. The ingenious Mr. Wedge- 
wood invented, a thermometer for 
measuring the degrees of heat up to 
32277*^ of Fahrenheit*s scale, 

Charles. Can you explain the struc- 
ture of this thermometer ? 

Father. All argillaceous bodies, or 
bodies made of clay, are diminished 
in bulk by the application of great 
heat. The diminution commences in 
a dull red heat, and proceeds regularly 
as the heat increases, till the clay is 
vitrified, or transformed into a glassy 
substance. This is the principle of 
Mr. Wedgewood's thermometer. 

Emma. Is vitrification the limit of 
this thermometer ? 

Father. Certainly. The construc- 
tion and application of this instrument 
are extremely simple, and it marks 
all the difierent degrees of ignition, 
from the red heat». visible o\^V:^ \sl>^^ 



k 



294 PNEUtf AnciL 

darki to the heat of an air fii 
It consists of two rulers fixed 
plane^ a little farther asunder 
end than at the other, leaving a 
between them. Small pieces ol 
and clay, mixed together, are 
just large enough to enter at th( 
end : thej are then heated in tl 
with the body whose heat is 
ascertained. The fire, according 
heat, contracts the earthy boi 
that, being applied to the wide < 
the gauge, it will slide on towai 
narrow end, less or more, accord 
the degree of heat to which : 
been exposed.* 

* We have in the former parts of thi 
observed^ that all bodies are expanded 1 
The diminution of the aigUlaceous substanc 
use of by Mr. Wedgewood appears to be aj 
tion : but as the contraction of these d 
coQimence tiUthe;^ ax^^^o^^ t» a red 
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Each degree of Mr. Wedgewood's 
thermometer answers to 130 degrees 
of Fahrenheit, and he begins his scale 
from red heat fully visible in daylight, 
which he fipds to be equal to 1077"^ 
of Fahrenheit's scale, if it could 6e 
carried so high. 

In the next page is a small scale 
of heat, as it is applicable to a few 
bodies. 

may probably be accounted for^ from the expubion 
of thtt fluid particles^ rather than from any real 
contracdon in the solids. 
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SCALE OF HEAT. 



Extrenoity of Wedge-l «^c 

wood's scale J 

Cfmt iron melts at 160 

Fine gold melts at 32 

Fme Sliver melts .... at 28 

Brass melts at 21 

Red heat visible by day 

Mercury boils , . • • al < 

' N€t9^ U Oiete^ 
thretf metals be \ 
mixed together by I 
Lead melts*. • fusion in the pro- I At i 
Bismuth meltS< portion of 5, 8, aqd > at * 
Tin melts. ... l^^f^, nrfxtiire will I ^ , 

I pflt IB a beat ba- I 
I low that of boUiog f 
^ water. J 

Milk boils.. • at 

Water boils at ! 

Heat of the human body at 92 tc 

Water freezes at 

Milk freezes at 

A mixture of snow and salt sinks the ) 

thermometer to J 

Mercury freezes, at 
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Charles. Y<m said that Remimiir^s 
thermometer was ^hieflj used abroad; 
what is the di£^eiice between tiiat 
ttod Fahpenlieit's ? 

Father. Reaumur jdaces tibe freees- 
ing ficHnt at O, or 29ero^ and ^ach de- 
gree of his thermometer is eqnsl to 
2^^ or {^ degrees of Fahrenhdf s. 

Emma. What does he make thiei 
heat of boiling water ? 

Father. Having fixed Us fteedng 
point at 0, smd making oi»e of his 
degrees equd to 2^- ^ Fahreafaek^ the 
heat of boiling water muid; be S0*« 

Charles^ Let me see. The iram* 
lier of degrees between iAie fteezing 
tsnd boiling points on Eii3irenhek% 
thermometer is ISO, wiiich, -divided 
by 2^, or 2,2S, gives 8d exactlf • 

Father. Yon liave then « nde by 
wl)idh yon vMf aftws^s convert t^ 
tdf^Mi of Fahieinheiti Ante %ff^M «& 
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Reaumur : ^^ subtract 32 from the 
given number, and multiply by the 
fraction ^.'^ Tell me, Emma, what 
degree on Reaumur's scale answers to 
167^ of Fahrenheit ? 

Emma. Taking 32 from 167 there 
remains 135, which, multiplied by 4, 
gives 540, and this, divided by 9, 
gives 60. So that 60"" of Reaumur 
answers to 167** of Fahrenheit. 

Charles. How shall I reverse the 
operation, and find . a number on 
Fahrenheit's scale that answers to a 
given one on Reaumur's ? 

Father. *^ Multiply the given num- 
ber by the improper fraction ^ and 
add 32 to the product." Tell me 
what number on Fahrenheit's scale 
answers to 40 on Reaumur's. 

Charles. If I multiply. 40 by 9> 

and divide the product by 4, .1 get 

SO; .to wbxcb, Vi %%\^ ^d^ the 
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Result is 122 : this answers to 40 on 
Reaumur's scale. 

Father. What numbers on Reau- 
mur's scale will answer to 76^ 98*^, 
and 112^ of Fahrenheit; that is, to 
summer heat^ blood heat^ and fever 
heat? 

Emma. The numbers are 19'4, 29^, 
and 354 nearly : for 

(17-32) x-;=i^ = 19.5. 

(98 - 32) X^=~ = 29.33, &c. 

' y 

320 
(1 12 - 32) X i= -^= 86.55, &e. 

-. Similar rules may be employed 
with regard to the centigrade ther« 
0iometer; only> that the multipliers 
must be 4^ and -f^t instead of -l^ and 4, 
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CONVEBSATION XXIII. 



Ik. 



Of the Pyrometer and Hygromtk 

Father. To make our descripl 
of philosophical instmniesta m 
perfect, I shall to-day shovir you 
construction and uses of the pyrom< 
and Jbiygrometer, and conclude, 
morroW) with en account of the n 
gauge, and some directions for ju 
ing the weather. 

Emauu What do you mean b 
fyrom^or? 

Father. It is a Greek word, 4 
signififls a fire-AMasMier. The pj 
meter is a machine for measuring 
expansion of solid substances^ pi 
ciilarly meta3i&> by \y^^X« T\^\sa 
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ine'nt will render the smallest expan- 
sioDS sensible to the naked eye. 

Charles. Is all this apparatus ne« 
cessary for the purpose ? 

Father. This, as far as I know, is 
one of the most simple p;ri™°ctera, and 
admitting of an easy explanation, I 
have chosen it in preference to a more 
comi^icated instrument, which might 
be susceptible of greater nicety. 

To a flat piece of mahogany, a. A, 
are fixed three studs, B, c, and D, and 
at B there is an adjusting screw F. 
H F is an index, turning very easy on 
the jrivot r, and l s is anQih.«c ^wst^ 
ills' *^ *•» find pointing \a VJofc «»*i 
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M N. R IS part of a watch 
fixed at Y, and pressing gently 
the index L s. Here is a bar < 
at the common temperature 
surrounding air : I lay It in th 
c and D, and adjust the screi 
that the index L s may point 4 
the scale. 

Charles. The bar cannot 
without moving the index F 
crooked part of which pressin 
I. Sy that also will be moved 
bar lengthens. 

Father. Try the experimen 
tion, you know^ produces hea 
the bar out of the nuts^ rub it 
and. then replace it. 

Emma. The index L s has 
to that part of the scale w 
marked 2: it is now going 
How do you calculate the le 
the expansion? 
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Father. The bar presses against 
the index f H at f, and that again 
presses against L s at jsr, and hence 
they both act as levers. 

Chatles. And they are levers of the 
third kind, for in one case the fulcrum 
is at X, the power at F, and the point 
;e: to be moved may be considered as 
the weight : — ^in the other, L is the 
fulcrum, the power is applied at z^ 
and the point s is to be moved.^ 

Father. The distance between the 
moving point F and K is 20 times 
greater than that between «r and F ; 
the same proportion holds between 
L.S and I.Z : from this you will get the 
spaces passed through by the different 
points. 

Emma. Then as much as the iron 
bar expands, so much will it move the 

* For an account of the differeit lev^^^ ^^^ 
Vol* h Coni^ersations XV • voidyNl* 

X 3 
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point F, and of course the point z will 
move 20 times as much ; so that if 
the bar lengthened -^ of an inch, the 
point ;2: would move -rSths, or 2 inches. 
By the same rule the point s will 
move through a space 20 times as 
gi^at as the point z. 

Father. There are two levers then, 
each of which gains power, or moves 
over spaces, in the proportion of 20 
to 1 ; consequently, when united, as 
in the present case^ into a compound 
lever, we multiply 20 into 20, which 
makes 400 ; and therefore, if the bar 
lengthen -r?r^h of an inch, the point s 
must move over 400 times the space, 
or 40 inches. But suppose it only 
expands ^^th part of an inch, how 
much will s move ? 

Charles. One inch. 

Father. But ,every inch may be 
divided into teutbi^) aud couseqiiently , 
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if the bar lenghen only the TTro-^h 
part of an inch^ the point s will move 
through the tenth part of an inch, 
whiqh is very perceptible. In the 
present case the point s has moved 
two inches, therefore the expansion is 
equal to .,~«^ths, or -a-J-g-th parts of an 
inch. — ^An iron bar, three feet long, 
is about V^th part of an inch longer 
in summer than in winter. 

Charles. I see that, by increasing 
the number of levers, you might carry 
the experiment to a much greater de- 
gree of nicety. 

Father. Well, let us now proceed 
to the hygrometer, which is an instru- 
ment contrived for measuring the dif- 
ferent degrees of moisture in the at- 
mosphere. 

Emma. I have a weather-house 
that I bought at a fair, which tells m^ 
this ; for if the air is \et^ \S3isJ^\.> "aKL^ 
thereby denotes w^t yi^a>iXv«i^^ "^^^^^ 
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comM out ; and in fidr weather^ wli 
the atmosphere is dry, the worn 
makes her appearance. 

Charles. How is the weather-hdi 
constructed ? 

Father. The two images are plac 
on a kind of lever, which is sustain 
bj catgut; and catgut is very si 
sible to moisture, twisting and sho 
ening by moisture, and untwisting a 
lengthening as it becomes dry. i 
the same principle is constructed ai 
ther hygrometer, a B is a 
catgut string, suspended 
at A with a little weight B, 
that carries an index c 
round a circular scale D E 
on a horizontal bo&rd or 

table, for as the catgut becomes moi 
is twists itself, and untwists when 
approaches to a drier state. 

Emma. TVien lYie die^c^^ ^£\im 
tiire are shown by lYve \tAex.> ^ 
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moves backwards and forwards by the^ 
twisting and untwisting of the catgut. 
Does all string twist witK moisture ? ' 

Father. Ye§. Take a piece of 
common packthread, and on it suspend 
a pound weight in a vessel of water, 
and you will see how soon the two 
strings are twisted round one another. 

Charles. I recollect that the last 
time the lines for drying the linen 
were hung out in the garden, they 
appeared to be much looser in the 
evening than they were next morn- 
ing, so that I thought some person 
had been altering them. A sudden 
sliower of rain has produced the same 
effect in a striking manner. 

Emma. Sometimes, when sudden 
damp weather has set in, the string of 
the harp has snapped when no person 
has been near it. 

Father. These are ^e e^esXa.^^^ 
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diioed by the moisture of the 8ur; the 
damp of night fiiwajs shortens hair 
and hempen lines ; and, owing to the 
dianges to which the atmosphere in 
our climate is liable, the hwrp^ vicdin, 
&a that are set to tune one day^ will 
need some alteration before they can 
be used the next. 

Here is a sensible and very simple 
hygrometer : it consists of a piece of 
whipcord^ or catgut x\ 
fastened at A» and 
stretched over several 
pulleys, B, c, D, E, F ; at 
the end is a little 
weight w, to which is 
an index pointing to a graduated scale. 

Charles. Then, according to the de* 
gree of moisture in the air, the string 
shortens or lengthens, and of course 
the index points higher or lower. 

Father* Anotbec U^svdi ^1 Vsngeo- 
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meter consists of a jneee of spmige £, 
prepared and nicely n y 

balanced on the beam 




0^1/ I and the fulcrum 
X lengthened out 

into an index pointing to a scale a b. 

Emma. Does the sponge imbibe 
moisture sufficiently to become a good 
hygrometer ? 

Father. Sponge of itself will an- 
swer the purpose, but it is made 
much more sensible in the following 
manner:—- 

After the sponge is well wadbed 
from all impurities and dried again, 
it should be dipped into water, or 
vinegar, in which sal ammoniac, salt 
of tartar, or almost any oth^ saline 
substance, has been dissolved, and 
then suffered to dry, when it duMiid 
be accurately balanced* 
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Charles. Do the saline partides, 
in damp weather» imbibe the mois- 
ture, and cause the sponge to pre- 
ponderate ? 

Father* They do. Instead of 
sponge, a scale may be hung at e, in 
which must be put some kind of salt 
that has an attraction to the watery 
particles that float in the air. Sul- 
phuric acid may be substituted in the 
place of salt, but this is not fit for 
your experiments, because a little 
spilt over will destroy your clothes ; 
otherwise, it makes a very sensible 
hygrometer. 

Emma. I have heard, the code 
complain of the damp weather when 
the salt becomes wet by it. 

Father. Right : the salt box in the 
kitchen is not a bad hygrometer : and 
various other3 you may easily cpn- 
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struct, as your knowledge of natural 
substances becomes extended. 

NoTE.-^The ratio, of exp&Dsioa of metallic rods of 
the same diameter^ placed in boiling water, is found 
to be in brass 94; iron 73; lead 154; and silver 81. 
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Of the Rain-Gauge. 

Charles. Does the rain-gauge 
measure the quantity of rain that falls? 

Father. It shows the height to 
which the rain would rise on the place 
where it is fixed^ if there were no 
evaporation, and if none of it were 
imbibed by the earth. One which is 
made and sold by Mr. Jones, of Hoi- 

born, consists of a funnel A 
communicating with a cylin- 
dric tube B. The diameter 
of the funnel is exactly 12 
inches, and that of the tube 

is 4 inches. Tell me^ Emma^ what 





proportion the area of the formcarhas 
to that of the latter^ 

Emma. I remember that all simi- 
lar plane surfaces bear the same pro-* 
portion to One another that thie squares 
of their Uke dimensions have. Now 
the square of 12 is 144, and tiie 
square of 4 is 16, therefore the pro* 
portion of the area of the fUnnel is to 
that of the tube as 144 to 16. 

Father. But 144 may be divided 
by I69 without leaving a remainder. 

Charles. Yes; 9 times 16 is 144^ 
consequently the proportion is as 9 
to 1 ; that is, the area of the fiinnel 
is 9 times greater than that of thd 
tube. 

Father. If then the water in the 
tube be raised 9 inches, the depth of 
rain fallen will, in the area of the 
Ainnd, which is the true gauge, be 
only one inch* 

Yft 
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HmmaS Does the little: graduated 
nde mark the elevation ? 

' Father. Yes, it does. It is a 
floating index divided into inches. 

Emma. If then the float be raised 
1 inch, is the depth of water reckoned 
only 4- of an inch ? 

Father. Just so: and each nine 
inches in length being divided into 
100 equal parts, the fall of rain can 
be readily estimated to the ' TTrth 
part of an inch. Rain-gauges should 
be varnished or well painted^ and as 
much water should be first poured in 
as will raise the float to such a 
he^ht, that 0, or zero, on the ruler, 
may coincide with the edge of the 
funnel. 

Charles. This is not like your rain- 
gauge. 

Father. That which I'use^ though 
somewhat moie difi&s^Mit. <i€ ^K^aoa- 



tioD5 ill a much cheaper instrament ; 
it may, without the bottle^ be made 
for a single shilling. It consists of a 
tin or copper funnel ; the area of the 
top containts exactly 10 square inches^ 
and the tube, about 5 or 7 inches 
longi passes through a cork that is 
fixed in a quart bottle. 

Emma. Is there any particular 
proportion between the area of the 
funnel and that of the bottle ? 

Father. No» it is not necessary ; 
for in this, the quantity of the rain is 
calculated by its weight compared 
with the area of the fiinnel, which 
is known. For every ounce of water 
I allow .174 parts of an inch for the 
depth of the rain fallen. Thus the 
last time that I examined the bottle, 
I found that the water weighed ex- 
actly 6 ounces, and 6 multiplied by 
174 gives 1.044; iJaaSu \&^ ^^ ^«^ 

^ a 
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fallen in the preceding month was 
equal to rather more than 1 inch in 
depth. In the mopth of June (1817) 
the rain collected in the gauge weigh- 
ed 114- ounces, which is nearly equal 
to S inches in depth. 

Charles. Pray explain the reason 
of multiplying the number of ounces 
by the decimal .174. 

Father. Every imperial gallon 
of pure rain water contains 2773 
cubic inches, and weighs 181b. avoir- 
dupois, or 160 ounces: consequently, 
every ounce of water is equal to 
277^3 -r- 160 = 174 cubic inches ; but 
the area of the funnel is 10 square 
inches, therefore 1.74 -f- 10 = 174 
gives the depth of rain fallen for every 
cubic inch of water collected, or for 
every ounce in the gauge. 

Yoii have now a pretty full account 
of all the instruments necessary for 
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judging of the state of the weather, 
and for comparingi at different seasons^ 
the various changes as thej happen> 

Emma. Yes; the barometer in-< 
forms us how dense the atmosphere 
is ; the thermometer enables us to 
ascertain its heat; the hy^ometer 
what degree cf moisture it contains ; 
and by the rain-gauge we learn how 
much rain falls in a given time. 

Father. The rain-gauge must be 
fixed at some distance from .all build- • 
ings, which might in any way shelter 
it from particular driving winds ; and 
the height at which the surface of 
the funnel is from the ground must 
be ascertained. 

Charles. Does it make any dif- 
ference in the quantity of rain col- 
lected^ whether the gauge stands on 
the ground, or some feet above it ? 

JFather. Very cou«iAj5t^iX\'^\ ^s^'^^s®^ 
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wliicfa I hara described ii a cbeip 
iDstrument, one may be placed on 
the top of the house, and the other 
on the garden wall, and you will find 
the difference much greater than you 
would imagine. — I will now give you 
some rules &r judging of, and pre- 
dicting, the state of the weather, 
which are taken from writers who 
have paid the most attention to these 
subjects, and which my own obser- 
vations have verified. 

1. The rising of the mercury pre- 
sages, in general, fair weather, and 
its falling foul weather, as rain, snow, 
high winds, and storms. When the 
surface of the mercury is convex, or 
stands higher in the middle than at 
the sides, it is a sign the mercury 
is then in a rising state; but if the 
surface be concave or hoUow in the 
middle it is then sinking. 
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2. In very hot weather, the falUng 
of the mercury indicates thunder. 

3. In winter, the rising presages 
frost : and in frosty weather, if the 
mercury falls three or four divisions^ 
there will be a thaw. But in a con-* 
tinued frost, if the mercury rises, it 
will certainly snow. 

4. When wet weather happens 
soon after the depression of the mer- 
cury, expect but little of it ; on ^e 
contrary, expect but little fair wea^ 
ther, when it proves fair shortly after 
the mercury has risen. 

5. In wet weather, when the mer- 
cury rises much and high, and so 
continues for two or three days before 
the bad weather is entirely over, then 
a continuance of fair weather may be 
expected. 

6. In fair weather, when the mer- 
cury falls m^ch and \^v^ wv^ ^Oqn«»^ 
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OQDtiQues for twO'Or three days be- 
fore the rain comesj then a deal of 
we^ may be expected^ and probably 
high winds. 

7* The unsettled motion of the 
mercury denotes unsettled weather. 

8* The words engraved oix the 
scale are not so much to be attended 
to as the rising and falling of the 
mercury: for if it stand at much 
rain, and then rises to changeable^ 
it denotes fair weather, though not to 
continue so long as if the mercury 
had risen higher. If the mercury 
stands at fair^ and &lls to changeable, 
bad weather may be expected* 

9* Jn winter, spring, and autumn, 
the sudden falling of the merCury, 
and that for a large space^ denotes 
high winds and storms : but in sum- 
mer it presages heavy showers^ and 
afira thunder. ItaVxrasti^^VsJc&Umert 
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of all for great windi^ though not 
acoompanied with rain ; Imt it fidli 
more for wind and rain together, than 
for either of them alone. 

10. If, after rain^ the wind change 
into any part of the fi^rth, with a tfeat 
and dry skf, and the mercury riaeSj it 
is a certain sign of fair weather. 

11. After very great storms of 
wind, when the mercury has been 
low, it commonly rises again very ilttt. 
In settled fair weather, except the 
barometer sink much, expect but 
little rain. In a wet season, the 
smallest depressions must be attended 
to ; for when the air is much inclined 
to showers, a little sinking in the 
barometer denotes more rain. And 
in such a season, if it rise suddenly 
fast and high, fair weather cannot be 
expected to last more than a daN[ \2r: 
two» 
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12. The^eatest heights of the 
mercury are found upon eaisterlj and 
jQorth-easterly winds ; and it may 
often rain or. snow, the wind being 
in these points, while the barometer 
•is ia a rising sti^te, the effects of the 
wind counteracting. But the mer- 
cury sinks for wind as well as rain in 
all other points of the compass. 

The observation of these, and other 
,ni^ which you will collect from ex- 
perience, will in a short time render 
you both as ^^ weather-wise,^' as per- 
sons can in truth be, in sO variable a 
climate as this. 
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Of Aiff as a Vehicle of Heat and 

ture. Of Rain-^Dew — Meteoric S/094fc 

• 

The causes which determine the distri- 
bution of heat over the earth's surface are, 
as has been shown in Vol. II. Conversa« 
tion X. either the direct influence of the 
solar rays^ or the communication of heat 
by the air, from one part of the earth's 
surface to another. The first of these de- 
pends on the latitude of the place, by 
vhich the intensity of tl^ heat and light 
from the sun, and also the \e\v^!tx ^^ "^^^ 

day, are determmed. "Bui ii!kvft\sxV«o»x^ ^ 

VOL. IV. a 
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the sun's rays, when they strike upon any 
plane^ is as the quantity that falls on a 
given space; and, of course, the nearer 
the sun is to the zenith of any place, at a 
given instant, the greater the intensity of 
heat produced by his fays. 

Moreover, the beat of an entire day 
depends on the length of the day^ as well 
as on the sun's elevation; and, as the day 
is longer where the distancefrom the zenith 
is greater, the inequality in the distribution 
6f keat, arising from one of these causes, 
compensates that which proceeds from tlie 
other, and brings their combined effects 
much nearer to an equality than could be 
imagined. 

It has been shown, by M. Fontaha, that 
the heat of the day of the summer solstice 
at Pavia, in Italy, is scarcely greater than 
the heat of the same day at St. Petersburg ; 
that 18, only in the proportion of 63° to 62°, 
though the latifhde of the one is 45"" US 

nad that of the otbe!; 5^"" 1^. 



The same autfior finds, that vrhen the 
sun's doclination exceeds 18*, that is, from 
the beginning of May to the end of July, 
the heat, in the twenty-four hours, pro- 
ceeding from the sun's rays, is greater at 
the north pole than at the equator. 

The efTects of the direct influence of the 
fiun are greatly modified by the transport^ 
ation of the temperature of one region into 
another. Heat expands air, and it thltt 
becomes specifically lighter : but the CO- 
lumns of air, which become lighter by Uie 
action of the sun's rays, are displaced by 
those tkat are heavier; and hence there is 
a general tendency in the ur to move 
from the poles towards the equator, a cir- 
cumstance which is admirably calculated 
to moderate the extremes of temperature. 

The sea, upon a similar principle, is 
preserved of a moderate temperature; for 
the heavier columns of a Sold displace 
those that are lighter. Hsuce \!n& -w«!kKt% 
of the oceka are of a moie ucoSKina. ^B^ 



256 APPEKDDC. 

p^rature^ which tempierature communi- 
catee itself to the surrounding air^ 

The effect of great continents is the re- 
verse of this, and is favourable to the ex- 
tremes of heat and cold. High moun- 
tains, especially if covered with snow, may 
increase the rigour of a cold climate, or 
temper the heat of a warm one. 

Forests tend to increase the cold, by 
preventing the sun's rays from striking on 
the ground. Evaporation, as is shown in 
the ^* Dialogues on Chemistry," produces 
cold; of course, countries that abound in 
marshes and lakes are subject to an in- 
crease of severe cold. And it is an admir- 
able provision in nature, that in the act of 
tba congelation of water into ice, a great 
deal of heat is given out, which in some 
degree moderates the severity of the cold. 
On the other hand, the melting or thaw- 
ing of ice produces cold, which prevents 
the dreadful effects that might be occa- 
siohed by a too taigtidi \)ckscw^ ^^^^ially 
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when the gronnd ia covered with a very 
deep sDow. 

The height above the level of the sea 
causes a dimtnution of heat at the rate of 
1° for about SOO feet of elevation, which 
agrees with observations made for twelve 
years at Highgate and Camden Town, the 
average temperature of the former place 
being one degree lower than that of the 
latter. 

The varietieii of temperature on the sur- 
Jace of the earth are probably confined be- 
tween the limits of 100° above and 40° 
below 0, or zero. 

No nataral degree of cold much below 
this has been ever known : and the tber* 
mometer, in the shade, has rarely, if cva*) 
been seen at 1 00°. In this countiyi as far 
as 1 have ascertained, the hottest day was 
July 14, 1808, when the mercury itood at 
93° in an open situation in the neighboor- 
bood of London ; but in Loodnn, «b^ 
confined places, H was »t3SiV\oiSwt. 
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There is no doubt that the climates ef 
Europe were more severe in ancient times 
than they now are, and the change is 
ascribed to the better cultivation of the soil. 
Cultivation may, in fact, improve a climate; 
first, by draining marshes and low grounds^ 
and thereby lessening the evaporation ; se- 
condly, by turning up the soil, and expos- 
ing it to the rays of the sun; and, thirdly, 
by thinning or cutting down forests, which, 
by their shade, prervent the penetration of 
the sun's rays. The improvements that 
are taking place in the climate of North 
America prove that the power of man eK*- 
tends to phenomena, which, from the mag* 
hitude and variety of their causes^ appear 
beyond its reach. 

The vapour that rises from water, uniting 
itself to the air, ascends into the higher re- 
gions of the atmosphere, and is often car- 
ried by the winds to great distances. It is 
ichemically dissolved in the air. 

Humidity does not lessen, but increisei 
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the trassparency of the aii : hence we often 
have the clearest atmosphere the day before 
heavy rains. A cubical ibot of air, which 
weighs about 1^ ounc^ or GOO graiDs, will, 
at the temperature of 66=, hold in solution 
12 grains, or about the 50lh part of its own 
weight. If two portions of air, of different 
temperatures, but both saturated with hu- 
midity, be mixed together, a precipitation 
must, on chemical principles, be thrown 
down in the shape of clouds, or rain. 

Dew is a precipitation of humidity from 
the lower strata of the atmosphere. When 
air, containing humidity, cools below a 
certain point, it must begin to deposit Its 
moisture. In this way dew is formed in 
warm weather, when, on the sun's going 
down, the heat of the air at the surlace is 
greatly diminished. 

Meteoric Stones, which sometimes &I1 
upon the eartb, are probably formed fron< 
some gaseoiu substance* carxied. iato ^ha 



